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MOLECULAR GENETICS OF AGING 
Tuesday, September 28 – Saturday, October 2, 2010 
 
 
 
Tuesday 7:30 pm 1  Genetic Variation 
   
Wednesday 9:00 am 2  Genetic and Epigenetic Stability 
   
Wednesday 2:00 pm 3  Oral Presentations from Abstracts 
   
Wednesday 4:30 pm 4  Poster Session I  & 
    Wine and Cheese Party  
   
Wednesday 7:30 pm 5  Metabolism and Bioenergetics 
   
Thursday 9:00 am 6  Cellular and Organismal Stress 
Responses 
   
Thursday 2:00 pm 7  Tissue Maintenance / Stem Cells 
   
Thursday 7:30 pm 8  Poster Session II 
   
Friday 9:00 am 9  Protein Homeostasis 
   
Friday 2:00 pm 10  Genetic Manipulations 
   
Friday 6:00 pm Banquet 
   
Saturday 9:00 am 11  Nutrient Sensing and Interventions 
 
Poster sessions are located in Bush Lecture Hall 
 
Mealtimes at Blackford Hall are as follows:   
Breakfast   7:30 am-9:00 am 
Lunch       11:30 am-1:30 pm 
Dinner       5:30 pm-7:00 pm 
Bar is open from 5:00 pm until late 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstracts are the responsibility of the author(s) and publication of an 
abstract does not imply endorsement by Cold Spring Harbor Laboratory of 
the studies reported in the abstract. 
 
These abstracts should not be cited in bibliographies. Material herein 
should be treated as personal communications and should be cited as 
such only with the consent of the author. 
 
Please note that recording of oral sessions by audio, video or still 
photography is strictly prohibited except with the advance permission of 
the author(s), the organizers, and Cold Spring Harbor Laboratory. 
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PROGRAM 
 
 
TUESDAY, September 28—7:30 PM 
 
 
SESSION 1 GENETIC VARIATION 
 
Chairpersons: N. Barzilai, Albert Einstein College of Medicine, Bronx,  
  New York 
R. Westendorp, Leiden University Medical Center,  
the Netherlands 
 
 
Nir Barzilai. 
Presenter affiliation: Albert Einstein College of Medicine, Bronx, New 
York. 
 
  
Growth hormone receptor deficiency in humans can protect 
against age-related diseases by conserved genetic mechanisms 
Priya Balasubramanian. 
Presenter affiliation: University of Southern California, Los Angeles, 
California. 
 
 
 
 
1 
  
A new longevity gene in mammals—FAT10(UBD) 
Allon Canaan, Hui-Young Lee, Varman T. Samuel, Martin S. Obin, 
Sherman M. Weissman. 
Presenter affiliation: Yale University, New Haven, Connecticut. 
 
 
 
2 
  
Relationships between reproductive and somatic aging in C. 
elegans 
Christopher L. Pickett, Brinda Armstead, Kerry Kornfeld. 
Presenter affiliation: Washington University School of Medicine, St. 
Louis, Missouri. 
 
 
 
 
3 
  
Molecular characterization of reproductive aging regulators 
Shijing Luo, Gunnar Kleemann, Eileen Zhuang, Cheng Shi, KyungHwa 
Lee, Coleen T. Murphy. 
Presenter affiliation: Princeton University, Princeton, New Jersey. 
 
 
 
4 
  
A molecular odometer for aging in C. elegans 
Adolfo Sanchez-Blanco, Stuart K. Kim. 
Presenter affiliation: Stanford University School of Medicine, Stanford, 
California. 
 
 
 
5 
  
 vi 
Rudy Westendorp. 
Presenter affiliation: Leiden University Medical Center, Leiden, the 
Netherlands. 
 
  
Genome instability in aging and longevity 
Bjoern Schumacher. 
Presenter affiliation: University of Cologne, Cologne, Germany. 
 
 
6 
  
A novel paradigm for age-onset neurodegeneration—Repetitive 
injury stress using a C. elegans based model—What can a worm 
tell us about Muhammad Ali? 
Peter M. Douglas, Andrew Dillin. 
Presenter affiliation: The Glenn Center for Aging Research, Howard 
Hughes Medical Institute, Salk Institute for Biological Studies, La Jolla, 
California. 
 
 
 
 
 
 
7 
  
Anticancer mechanisms in a long-lived rodent, the naked mole-rat 
Andrei Seluanov, Christopher Hine, Jorge Azpurua, Zhiyong Mao, Vera 
Gorbunova. 
Presenter affiliation: University of Rochester, Rochester, New York. 
 
 
 
8 
  
Deletion of all five superoxide dismutase genes markedly 
increases sensitivity to oxidative stress but does not affect 
lifespan in Caenorhabditis elegans 
Jeremy M. Van Raamsdonk, Siegfried Hekimi. 
Presenter affiliation: McGill University, Montreal, Canada. 
 
 
 
 
9 
  
Age-dependent dynamics of the role of DAF-16/FOXO in C. 
elegans host defense 
Matthew J. Youngman, Dennis H. Kim. 
Presenter affiliation: MIT, Cambridge, Massachusetts. 
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WEDNESDAY, September 29—9:00 AM 
 
 
SESSION 2 GENETIC AND EPIGENETIC STABILITY 
 
Chairpersons: L. Donehower, Baylor College of Medicine, Houston,  
  Texas 
J.P. Issa, University of Texas M.D. Anderson Cancer Center, 
 Houston 
  
p53, genetically engineered mice, and the cancer/aging interface 
Larry Donehower, Neha Parikh, George Hinkal, Catherine Gatza, 
Lynette Moore. 
Presenter affiliation: Baylor College of Medicine, Houston, Texas. 
 
 
 
11 
 vii 
A telomerase gene therapy intervention in adult/old mice extends 
health-span and longevity in the absence of cancer 
Bruno Bernardes de Jesus, Elsa Vera, Kerstin Schneeberger, Eduard 
Ayuso, Fatima Bosch, Maria A. Blasco. 
Presenter affiliation: Spanish National Cancer Centre (CNIO), Madrid, 
Spain. 
 
 
 
 
 
12 
  
DNA damage repair deficiency causes cognitive impairment by 
chromatin remodeling 
Jian Wang, Amy Ryan, Monlan Yuan, Tao Lu, Damien Rei, Jun Gao, 
Ji-Song Guan, Cheng Li, Li-huei Tsai, Bruce A. Yankner. 
Presenter affiliation: Harvard Medical School, Boston, Massachusetts. 
 
 
 
 
13 
  
SirT1 preserves male fertility through regulation of chromatin 
condensation in the differentiating spermatid 
Eric Bell, Ippei Nagamori, Stephane Ricoult, Dana Braff, Paulo 
Sassone-Corsi, Robert Braun, Leonard Guarente. 
Presenter affiliation: MIT, Cambridge, Massachusetts. 
 
 
 
 
14 
  
ANRIL splicing and circular RNA associate with 9p21 
polymorphisms linked to age-related disease 
Christin E. Burd, William R. Jeck, Yan Liu, Zefeng Wang, Norman E. 
Sharpless. 
Presenter affiliation: The University of North Carolina at Chapel Hill, 
Chapel Hill, North Carolina. 
 
 
 
 
 
15 
  
Genetic variation in genome maintenance and aging 
Miook Cho, Jeehae Han, Xioyuan Song, Helen Hazuda, Ravindranath 
Duggirala, John Blangero, Michael G. Rosenfeld, Yousin Suh. 
Presenter affiliation: Albert Einstein College of Medicine, Bronx, New 
York. 
 
 
 
 
16 
  
Jean Pierre Issa. 
Presenter affiliation: University of Texas M.D. Anderson Cancer Center, 
Houston, Texas. 
 
  
A pivotal role for FOXO4 in the regulation of DNA-damage 
induced cellular senescence and apoptosis 
Peter L. de Keizer, Francis Rodier, Judith Campisi. 
Presenter affiliation: Buck Institute for Age Research, Novato, 
California. 
 
 
 
 
17 
  
TRF2 controls a cell-extrinsic anti-cancer barrier via activation of 
natural killer cells 
Annamaria Biroccio, Eric Vivier, Eric Gilson. 
Presenter affiliation: University of Nice, Nice, France. 
 
 
 
18 
  
 viii 
Epigenomic drift and aging 
Silvia Gravina, Masako Suzuki, John M. Greally, Jan Vijg. 
Presenter affiliation: Albert Einstein College of Medicine, Bronx, New 
York. 
 
 
 
19 
  
Direct analysis of age-dependent genome rearrangements in 
Drosophila melanogaster by genome-wide massively parallel 
sequencing 
Wenge Li, Michael Gundry, Jan Vijg. 
Presenter affiliation: Albert Einstein College of Medicine, Bronx, New 
York. 
 
 
 
 
 
20 
  
Intrinsic cooperation between p16INK4a and p21Waf1/Cip1 in the 
onset of cellular senescence and tumor suppression in vivo 
Shinji Takeuchi, Akiko Takahashi, Noriko Motoi, Shin Yoshimoto, 
Tomoko Tajima, Kimi Yamakoshi, Yuichi Ishikawa, Saburo Sone, Eiji 
Hara, Naoko Ohtani. 
Presenter affiliation: Division of Cancer Biology, Tokyo, Japan. 
 
 
 
 
 
21 
  
Chromatin remodeling in the aging genome of Drosophila. 
Jason G. Wood, Sara Hillenmeyer, Charles Lawrence, Chengyi Chang, 
Suzanne Hosier, Will Lighfoot, Eric Mukherjee, Nan Jiang, Christoph 
Schorl, Alexander S. Brodsky, Nicola Neretti, Stephen L. Helfand. 
Presenter affiliation: Brown University, Providence, Rhode Island. 
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WEDNESDAY, September 29—2:00 PM 
 
 
SESSION 3 ORAL PRESENTATIONS FROM ABSTRACTS 
 
Chairpersons: S. Austad, University of Texas Health Science Center,  
  San Antonio 
  J. Campisi, Lawrence Berkeley National Laboratory, Buck  
  Institute for Age Research, California 
D. Sinclair, Harvard Medical School, Boston, Massachusetts 
 
  
Sensory neurons influence lifespan through food-type 
recognition in a neuropeptide receptor-dependent manner 
Wolfgang Maier, Bakhtiyor Adilov, Martin Regenass, Joy Alcedo. 
Presenter affiliation: Friedrich Miescher Institute for Biomedical 
Research, Basel, Switzerland. 
 
 
 
 
23 
  
 ix 
SirT1 deacetylates Nhlh2, activates Mao-A, mediates exploratory 
drive and anxiety 
Sergiy Libert, Kelli Pointer, Eric Bell, John Asara, Leonard Guarente. 
Presenter affiliation: MIT, Cambridge, Massachusetts. 
 
 
 
24 
  
Hemoglobin in the aging brain—A novel stress response? 
Kelly A. Dakin, Bruce A. Yankner. 
Presenter affiliation: Harvard Medical School, Boston, Massachusetts. 
 
 
25 
  
Telomere dysfunction mediates age-related impairment of 
osteoblast differentiation independent of proliferation status 
Haitao Wang, Qijun Chen, Seoung-Hoon Lee, Yongwon Choi, 
Frederick B. Johnson, Robert J. Pignolo. 
Presenter affiliation: University of Pennsylvania, Philadelphia, 
Pennsylvania. 
 
 
 
 
 
26 
  
Senescence-associated dissociation of BRCA1 from chromatin 
promotes senescence bypass 
Zhigang Tu, Jasmine P. Nicodemus, Neil Beeharry, Bing Xia, Tim J. 
Yen, Rugang Zhang. 
Presenter affiliation: Fox Chase Cancer Center, Philadelphia, 
Pennsylvania. 
 
 
 
 
 
27 
  
Systemic analysis of age-associated reproductive senescence 
Meng Wang, Gary Ruvkun. 
Presenter affiliation: Massachusetts General Hospital, Boston, 
Massachusetts; Harvard Medical School, Boston, Massachusetts. 
 
 
 
28 
  
Asymmetrically inherited multidrug resistance transporters are 
recessive determinants in cellular replicative aging 
Amr H. Eldakak, Giulia Rancati, Boris Rubinstein, Parama Paul, 
Veronica Conaway, Rong Li. 
Presenter affiliation: Stowers Institute, Kansas Citry, Missouri. 
 
 
 
 
29 
  
Molecular signatures of “rejuvenation” pathways in skeletal 
muscle stem cells 
Andrew N. Billin, Deepak K. Rajpal, Massimiliano Cerletti, John T. 
Moore, Amy J. Wagers. 
Presenter affiliation: GlaxoSmithKline, Research Triangle Park, North 
Carolina. 
 
 
 
 
 
30 
  
 x 
Triglyceride turnover plays a critical role in modulating muscle 
function and lifespan extension upon dietary restriction in 
Drosophila melanogaster 
Subhash D. Katewa, Marysia Kolipinski, Misha A. Vargas, Cathy Vitelli, 
Allan Hubbard, Matthew S. Gill, Simon Melov, Pankaj Kapahi. 
Presenter affiliation: Buck Institute for Age Research, Novato, 
California. 
 
 
 
 
 
 
31 
  
The pathophysiological importance of NAMPT-mediated NAD+ 
biosynthesis in the regulation of metabolism and aging in 
mammals 
Jun Yoshino, Kathryn F. Mills, Myeong Jin Yoon, Shin-ichiro Imai. 
Presenter affiliation: Washington University School of Medicine, 
St.Louis, Missouri. 
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WEDNESDAY, September 29—4:30 PM 
 
 
SESSION 4 POSTER SESSION I and WINE & CHEESE PARTY 
 
  
Lifespan regulation by juvenile hormone of adult Drosophila 
Hua Bai, Rochele Yamamoto, Marc Tatar. 
Presenter affiliation: Brown University, Providence, Rhode Island. 
 
 
33 
  
Transcriptional biomarkers of aging and their modulation by 
dietary interventions 
Jamie L. Barger, James M. Vann, Thomas D. Pugh, Yuanlong Pan, 
Rondo Middleton, Steve Hannah, Janet Jackson, Tomas A. Prolla, 
Richard Weindruch. 
Presenter affiliation: LifeGen Technologies, Madison, Wisconsin. 
 
 
 
 
 
34 
  
Identification of miRNA expression in the teleost brain: conserved 
changes during ageing between the short-lived fish 
Nothobranchius furzeri and Danio rerio 
Mario Baumgart, Marco Groth, Nils Hartmann, Christoph Englert, 
Matthias Platzer, Alessandro Cellerino. 
Presenter affiliation: Leibniz Institute for Age Research, Jena, 
Germany. 
 
 
 
 
 
 
35 
  
Regulation of mitochondrial metabolism by SIRT4 
Alexandra S. Bause, Seungmin Jeong, Marcia C. Haigis. 
Presenter affiliation: Harvard Medical School, Boston, Massachusetts. 
 
 
36 
  
 xi 
hStn1 is essential for telomere maintenance and cell growth in 
human fibroblasts 
Virginia Boccardi, Abrham Aviv, Utz Herbig. 
Presenter affiliation: New Jersey Medical School-University Hospital 
Cancer Center, Newark, New Jersey. 
 
 
 
 
37 
  
A simple damage accumulation model of aging unifies diverse 
paths to longevity and predicts when aging begins 
Christopher E. Carr, Andrew V. Samuelson, Meng Wang, Gary 
Ruvkun. 
Presenter affiliation: Massachusetts Institute of Technology, 
Cambridge, Massachusetts; Massachusetts General Hospital, Boston, 
Massachusetts; Harvard Medical School, Boston, Massachusetts. 
 
 
 
 
 
 
38 
  
A Krüppel-like factor in C. elegans with an essential role in diet-
restriction induced longevity 
Andrea C. Carrano, Andrew Dillin, Tony Hunter. 
Presenter affiliation: The Salk Institute for Biological Studies, La Jolla, 
California. 
 
 
 
 
39 
  
SIRT1 function in adipose tissue metabolism 
Angeliki Chalkiadaki, Leonard Guarente. 
Presenter affiliation: Massachustees Institute of Technology, 
Cambridge, Massachusetts. 
 
 
 
40 
  
Neurosensory modulation of physiology, behavior and longevity 
in Drosophila melanogaster 
Tammy P. Chan, Nancy J. Linford, Scott D. Pletcher. 
Presenter affiliation: Baylor College of Medicine, Houston, Texas; 
University of Michigan, Ann Arbor, Michigan. 
 
 
 
 
41 
  
Cisd2 deficiency leads to abnormality in energy metabolism and 
thermo-regulation in the accelerated aging knockout mice 
Yi-Fan Chen, Cheng-Heng Kao, Ming-Ta Hsu, Ting-Fen Tsai. 
Presenter affiliation: National Yang-Ming University, Taipei, Taiwan; 
National Health Research Institutes, Miaoli County, Taiwan. 
 
 
 
 
42 
  
Role of IL-1R expression in precancerous cells 
Jyh Yun Chwee, Stephan Gasser. 
Presenter affiliation: National University of Singapore, Singapore. 
 
 
43 
  
In vivo measurement of mitochondrial ROS using a mass 
spectrometry probe—Studies on ageing 
Helena M. Cocheme, Linda Partridge, Michael P. Murphy. 
Presenter affiliation: University College London, London, United 
Kingdom; Medical Research Council, Cambridge, United Kingdom. 
 
 
 
 
44 
  
 xii 
Metabolic consequences of natural aging in the C57BL/6JCrl 
mouse 
David K. Covington, Jonathan E. McDunn, William W. Harrington, Lisa 
G. Clifton, Julie B. Stimmel, Stephen A. Stimpson, Lining Guo, Michael 
V. Milburn, James D. Becherer. 
Presenter affiliation: GlaxoSmithKline, Research Triangle Park, North 
Carolina. 
 
 
 
 
 
 
45 
  
Elucidating origin of aggregated proteins—What doesn’t kill you 
makes you older 
Marija Cvijovic, Kwanjeera Wanichthanarak, Dina Petranovic. 
Presenter affiliation: Chalmers University of Technology, Gothenburg, 
Sweden. 
 
 
 
 
46 
  
Regulation of yeast replicative life span by Hpa2 
Wei Dang, Jin-Qiu Zhou. 
Presenter affiliation: State Key Laboratory of Molecular Biology, 
Shanghai, China. 
 
 
 
47 
  
The role of the insulin/IGF-1 signaling pathway in longevity 
Joris Deelen, Diana van Heemst, Ramin Monajemi, Stefan Böhringer, 
Erik B. van den Akker, André G. Uitterlinden, Fernando Rivadeneira, 
Anton J. de Craen, Rudi G. Westendorp, Jeanine J. Houwing-
Duistermaat, Jelle J. Goeman, Marian Beekman, Eline Slagboom. 
Presenter affiliation: Leiden University Medical Center, Leiden, 
Netherlands. 
 
 
 
 
 
 
48 
  
Molecular mechanisms of muscle aging in Drosophila 
melanogaster 
Fabio Demontis, Norbert Perrimon. 
Presenter affiliation: Harvard Medical School, Boston, Massachusetts. 
 
 
 
49 
  
Increased dosage of the extracellular domain of APL-1, an APP-
related protein, can increase lifespan and slow developmental 
progression via transcription factor DAF-16/FOXO and nuclear 
hormone receptor DAF-12 
Collin Y. Ewald, Chris Li. 
Presenter affiliation: Graduate Center CUNY, New York, New York. 
 
 
 
 
 
50 
  
Carbonylated proteins are eliminated during reproduction in C. 
elegans 
Jerome Goudeau, Hugo Aguilaniu. 
Presenter affiliation: Ecole Normale de Lyon - CNRS, Lyon, France. 
 
 
 
51 
  
 xiii 
Fatty acid desaturation links germ cell loss to longevity through 
NHR-80/HNF4 in C. elegans 
Jerome Goudeau, Stephanie Bellemin, Esther Mollereau, Merhnaz 
Shamalnasab, Hugo Aguilaniu. 
Presenter affiliation: Ecole Normale de Lyon - CNRS, Lyon, France. 
 
 
 
 
52 
  
Mitochondrial DNA copy number decreases with age in the short-
lived fish Nothobranchius furzeri 
Nils Hartmann, Kathrin Reichwald, Claudia Lück, Michael Graf, Eva 
Terzibasi, Stefan Dröse, Ulrich Brandt, Alessandro Cellerino, Matthias 
Platzer, Christoph Englert. 
Presenter affiliation: Leibniz Institute for Age Research, Jena, 
Germany. 
 
 
 
 
 
 
53 
  
A biochemical approach for the identification of new DAF-16 
binding-partners 
Thomas Heimbucher, Bryan Fonslow, Jonathan Yates, Andrew Dillin. 
Presenter affiliation: The Salk Institute for Biological Studies, La Jolla, 
California. 
 
 
 
 
54 
  
Two modes of mitochondrial dysfunction lead independently to 
lifespan extension in Caenorhabditis elegans 
Siegfried Hekimi, Wen Yan. 
Presenter affiliation: McGill University, Montreal, Canada. 
 
 
 
55 
  
Reprogramming ER-stress response proteins to promote 
longevity 
Sivan Henis-Korenblit, Peichuan Zhang, Malene Hansen, Cynthia 
Kenyon. 
Presenter affiliation: Bar-Ilan University, Ramat Gan, Israel; UCSF, 
San Francisco, California. 
 
 
 
 
 
56 
  
The role of SAM-dependent methylation in dietary restriction-
mediated lifespan extension in C. elegans 
Tsui-Ting Ching, Alisha B. Paal, Ao-Lin A. Hsu. 
Presenter affiliation: University of Michigan, Ann Arbor, Michigan. 
 
 
 
57 
  
Role of Sir2 during yeast chronological aging 
Jia Hu, Min Wei, Federica Madia, Tamy Tran, Valter Longo. 
Presenter affiliation: University of Southern California, Los Angeles, 
California. 
 
 
 
58 
  
Regulation of mitochondrial mass and membrane potential 
through modulation of cellular [NAD+] level 
So-Young Jang, Hyun Tae Kang, Eun Seong Hwang. 
Presenter affiliation: University of Seoul, Seoul, South Korea. 
 
 
 
59 
  
 xiv 
Effects of mitochondrial oxidative stress on decreased pregnancy 
and fertility rates 
Takamasa Ishii, Masaki Miyazawa, Philip S. Hartman, Naoaki Ishii. 
Presenter affiliation: Tokai University School of Medicine, Isehara, 
Kanagawa, Japan. 
 
 
 
 
60 
  
Characterizing checkpoint kinase dependent transcriptional 
responses to DNA damage and identifying the kinase-
transcription factor connections mediating these responses 
Eric J. Jaehnig, Dwight Kuo, Trey Ideker, Richard D. Kolodner. 
Presenter affiliation: Ludwig Institute for Cancer Research, La Jolla, 
California; University of California, San Diego, La Jolla, California. 
 
 
 
 
 
61 
  
Compartmentalization of aggregated proteins determines their 
toxicity 
Sarah J. Weisberg, Aaron Gitler, Yoav Soen, Daniel Kaganovich. 
Presenter affiliation: Hebrew University of Jerusalem, Jerusalem, 
Israel. 
 
 
 
 
62 
  
Thermosensory regulation of the longevity response to low 
temperature in Caenorhabditis elegans 
Seung-Jae Lee, Young-Il Kim, Cynthia Kenyon. 
Presenter affiliation: Pohang University of Science and Technology, 
Pohang, South Korea. 
 
 
 
 
63 
  
Accumulation at the nuclear envelope identifies annexin V as a 
novel biomarker of cellular senescence 
Karolin Klement, Christian Melle, Johannes Norgauer, Stephan 
Diekmann, Peter Hemmerich. 
Presenter affiliation: Leibniz Institute for Age Research, Jena, 
Germany. 
 
 
 
 
 
64 
  
Mitochondrial morphology influences cell cycle control in 
proliferating tumor cells 
Brenda Kostelecky, Kasturi Mitra, Jennifer Lippincott-Schwartz. 
Presenter affiliation: National Institutes of Health, Bethesda, Maryland. 
 
 
 
65 
  
Effectiveness of dietary restriction on ameliorating diabetic 
nephropathy possibly through its anti-inflammatory action 
Daisuke Koya, Munehiro Kitada, Shinji Kume, Keizo Kanasaki. 
Presenter affiliation: Kanazawa Medical University, Kahokugun, Japan. 
 
 
 
66 
  
 xv 
Age-associated increase in heterochromatic marks in murine and 
primate tissues 
Jill A. Kreiling, Mimi Tamamori-Adachi, Alec Sexton, Jessie C. 
Jeyapalan, Ursula Munoz-Najar, Abigail Peterson, Jayameenakshi 
Manivannan, Elizabeth Rogers, Peter D. Adams, John M. Sedivy. 
Presenter affiliation: Brown University, Providence, Rhode Island. 
 
 
 
 
 
67 
  
Hexapeptide-11 modulates senescence in fibroblasts and dermal 
papillae cells in vitro 
Philip Ludwig, James V. Gruber. 
Presenter affiliation: Arch Personal Care Products, South Plainfield, 
New Jersey. 
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WEDNESDAY, September 29—7:30 PM 
 
 
SESSION 5 METABOLISM AND BIOENERGETICS 
 
Chairpersons: C. Mobbs, Mount Sinai School of Medicine, New York,  
  New York 
R. de Cabo, NIA, National Institutes of Health, Bethesda,  
Maryland 
 
  
Epigenetic mechanisms in aging, dietary restriction, and obesity 
Charles Mobbs. 
Presenter affiliation: Mount Sinai School of Medicine, New York, New 
York. 
 
 
 
69 
  
Deleted in breast cancer-1(DBC1) regulates SIRT1 activity, ageing 
and longevity 
Eduardo N. Chini. 
Presenter affiliation: Mayo Clinic, Rochester, Minnesota. 
 
 
 
70 
  
The role of hypothalamic SIRT1 in the systemic regulatory 
network for metabolism, aging, and longevity 
Akiko Satoh, Cynthia S. Brace, Shin-ichiro Imai. 
Presenter affiliation: Washington University School of Medicine, St. 
Louis, Missouri. 
 
 
 
 
71 
  
 xvi 
Cellular aspects of metabolic decline in aging rhesus skeletal 
muscle 
Rozalyn M. Anderson, Matthew W. Conklin, Thomas D. Pugh, Hannah 
J. Barbian, Mark T. Beasley, Richard H. Weindruch. 
Presenter affiliation: University of Wisconsin-Madison, Madison, 
Wisconsin; William S. Middleton Memorial Veterans Hospital, Madison, 
Wisconsin. 
 
 
 
 
 
 
72 
  
Partial ablation of adult Drosophila insulin-producing neurons 
modulates glucose homeostasis and extends life span without 
insulin resistance 
Aaron Haselton, Effat Sharmin, Janel Schrader, Megha Sah, Peter 
Poon, Yih-Woei C. Fridell. 
Presenter affiliation: University of Connecticut, Storrs, Connecticut. 
 
 
 
 
 
73 
  
SIRT3 controls the mitochondrial transition pore and 
susceptibility of post-mitotic tissues to diseases of aging 
Angela V. Hafner, Ana P. Gomes, Jing Dai, Yana Cen, Sree Nair, 
Anthony Sauve, Anthony Rosenzweig, David A. Sinclair. 
Presenter affiliation: Paul F. Glenn Laboratories for the Biological 
Mechanisms of Aging, Harvard Medical School, Boston, 
Massachusetts. 
 
 
 
 
 
 
74 
  
Rafael de Cabo. 
Presenter affiliation: National Institute on Aging, National Institutes of 
Health, Bethesda, Maryland. 
 
  
New roles for mitochondrial sirtuins in metabolism and disease 
Marcia C. Haigis. 
Presenter affiliation: Harvard Medical School, Boston, Massachusetts. 
 
 
75 
  
Mitochondrial protein hyperacetylation and SIRT3 deficiency 
accelerates the development of the metabolic syndrome 
Matthew D. Hirschey, Eric Verdin. 
Presenter affiliation: Gladstone Institute, San Francisco, California. 
 
 
 
76 
  
SIRT2 links metabolism to the cell cycle and extends the lifespan 
of progeroid BubR1H/H mice. 
Brian J. North, David A. Sinclair. 
Presenter affiliation: Paul F. Glenn Labs for Molecular Biology of 
Aging, Boston, Massachusetts. 
 
 
 
 
77 
  
Regulation of the Pyruvate Dehydrogenase Complex (PDC) during 
calorie restriction by reversible acetylation 
Daniel X. Tishkoff, Mark Eckersdorff, Bo Yang, David B. Lombard. 
Presenter affiliation: University of Michigan, Ann Arbor, Michigan. 
 
 
 
78 
  
 xvii 
Calorie restriction reduces oxidative stress by inducing SIRT3 
Xiaolei Qiu, Katharine Brown, Matthew Hirschey, Eric Verdin, Danica 
Chen. 
Presenter affiliation: University of California, Berkeley, California. 
 
 
 
79 
  
An essential role for ribosomal protein-Mdm2-p53 pathway in 
growth control and tumor suppression 
Yanping Zhang. 
Presenter affiliation: University of North Carolina at Chapel Hill, Chapel 
Hill, North Carolina. 
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THURSDAY, September 30—9:00 AM 
 
 
SESSION 6 CELLULAR AND ORGANISMAL STRESS RESPONSES 
 
Chairpersons: D. Peeper, Netherlands Cancer Institute, Amsterdam 
S.-J. Lin, University of California, Davis 
 
Daniel Peeper. 
Presenter affiliation: Netherlands Cancer Institute, Amsterdam, the 
Netherlands. 
 
  
Constitutively active HSF-1 reveals a new network of longevity 
assurance independent of the heat shock response 
Nathan Baird, Peter Douglas, Andrew Dillin. 
Presenter affiliation: The Glenn Center for Aging Research, Howard 
Hughes Medical Institute, The Salk Institute of Biological Studies, La 
Jolla, California. 
 
 
 
 
 
81 
  
Importance of a SKN-1-dependent transcriptional response for 
stress resistance and longevity deriving from interference with 
translation or TORC1 signaling 
Stacey Robida, Kira Glover-Cutter, Xuan Li, Olli Matilainen, Congyu 
Jin, Carina Holmberg, T. Keith Blackwell. 
Presenter affiliation: Joslin Diabetes Center and Harvard Medical 
School, Boston, Massachusetts. 
 
 
 
 
 
 
82 
  
Autophagy and lipid metabolism modulate lifespan in germline-
less C. elegans 
Louis R. Lapierre, Lizbeth Nuñez, Sara R. Gelino, Alicia Meléndez, 
Malene Hansen. 
Presenter affiliation: Sanford-Burnham Medical Research Institute, La 
Jolla, California. 
 
 
 
 
 
83 
 
 
 
 xviii 
Antiaging naphthoquinones that act through stress hormesis 
mechanisms 
Piper R. Hunt, Tae G. Son, Mark A. Wilson, Quian-Sheng Yu, Nigel 
Greig, Mark P. Mattson, Simonetta Camandola, Catherine A. Wolkow. 
Presenter affiliation: National Institute on Aging, Baltimore, Maryland. 
 
 
 
 
84 
  
AMPK and calcineurin increase ER stress response and longevity 
via CRTC-1 and CREB 
William Mair, Ianessa Morantte, Ana Rodrigues, Gerard Manning, Marc 
Montminy, Reuben Shaw, Andrew Dillin. 
Presenter affiliation: Howard Hughes Medical Institute, Salk Institute 
for Biological Studies, La Jolla, California; The Glenn Foundation for 
Medical Research, La Jolla, California. 
 
 
 
 
 
 
85 
  
Studying calorie restriction induced metabolic and stress 
responses in yeast Saccharomyces cerevisiae 
Craig Skinner, Shu-Ping Lu, Bin Li, Chen Wang, Michiko Kato, Su-Ju 
Lin. 
Presenter affiliation: University of California, Davis, California. 
 
 
 
 
86 
  
Sensory perception links diet and sleep in Drosophila 
melanogaster 
Nancy J. Linford, Tammy P. Chan, Scott D. Pletcher. 
Presenter affiliation: University of Michigan, Ann Arbor, Michigan. 
 
 
 
87 
  
Insulin signaling pathway genes facilitating thermotolerance and 
protein homeostasis 
Andrew V. Samuelson, Christopher E. Carr, Gary Ruvkun. 
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GROWTH HORMONE RECEPTOR DEFICIENCY IN HUMANS CAN 
PROTECT AGAINST AGE-RELATED DISEASES BY CONSERVED 
GENETIC MECHANISMS. 
 
Priya Balasubramanian  
 
University of Southern California, Gerontology, Los Angeles, CA, 90034 
 
Reduced signaling of the Growth Hormone (GH) and Insulin like Growth 
Factor 1  
(IGF-1) pathways in mammals or that of their orthologs in lower organisms 
is known to increase lifespan and protect against oxidative stress and age-
related pathologies such as insulin resistance and cancer. In humans, 
mutations in the Growth Hormone Receptor (GHR) gene lead to Growth 
Hormone Receptor Deficiency (GHRD) also known as Laron Syndrome 
which is characterized by extremely low levels of IGF-1 and dwarfism. In a 
population of about one-hundred GHRD individuals from southern 
Ecuador, we observed no cases of diabetes and only one case of non-lethal 
cancer. GHRD subjects had, on average, lower insulin levels and a lower 
HOMA-IR index compared to their unaffected relatives. In order to 
understand the molecular mechanisms involved in protection against cancer, 
we incubated primary, human mammary epithelial cells with serum from 
GHRD individuals or their unaffected relatives. GHRD serum protected 
these cells against oxidative DNA damage and also promoted apoptosis in 
damaged cells by a mechanism that was reversed by IGF-1. Microarray 
analysis of genes expression changes between epithelial cells incubated 
with serum from GHRDs or their unaffected relatives revealed the 
upregulation of stress protective genes such as the mitochondrial SOD 
(SOD2) and downregulation of Ras, PKA and Tor which are major 
mediators of growth factor signaling. Finally, yeast lacking TOR1, RAS2, 
and SCH9 (S6K), 3 orthologs of central IGF-1 signaling genes displayed a 
major decrease in age-dependent mutations. Our data indicates that reduced 
GH/IGF-I signaling can protect against age-related diseases by genetic 
mechanisms that are highly conserved in lower organisms and humans. 
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A NEW LONGEVITY GENE IN MAMMALS – FAT10(UBD) 
 
Allon Canaan1, Hui-Young Lee2, Varman T Samuel2, Martin S Obin3, 
Sherman M Weissman1  
 
1Yale University, Genetics, New Haven, CT, 06519, 2Yale University, 
Internal Medicine-Section of Endocrinolgy, New Haven, CT, 06519, 3Tufts 
Univesity, Obesity and Metabolism Laboratory, Jean Mayer US Department 
of Agriculture Human Nutrition Research Center on Aging, Boston, MA, 
02111 
 
The FAT10 gene was cloned, in our lab, from the MHC class I region 
however sequence analysis revealed that it is a member of the Ubiquitin like 
superfamily. Structurally it contains two Ubiquitin like sequences arranged 
head to tail in tandem, hence, its other name di-Ubiquitin (UBD). Initially, 
due to its genomic location, early studies focused on associating FAT10 
with immunity. These studies demonstrated the induction of FAT10 
expression in cell lines that were stimulated with IFNΓ or TNFα. These two 
cytokines were found to influence FAT10 transcription through binding 
sites for NFκB, IRF1 and AP-1 transcription factors located in the FAT10 
promoter. FAT10 mRNA expression was found to be markedly increased in 
certain models of inflammation and to be up regulated in biopsies from 
various tumors including hepatic, gastric and colon cancers. FAT10 
expression was associated with higher levels of mutated p53 oncogene, 
while wild type p53 tumor repressor was found to down regulate the 
transcription of FAF10. 
To further elucidate the biological and physiological roles of FAT10, we 
have generated a FAT10 knockout mouse model and back crossed it for 12 
generations to its parental mouse strain. These genetically altered mice 
displayed increased susceptibility to septic shock mediated by LPS in 
comparison to their counterpart controls. While aging a portion of the mice 
colony to conduct more septic shock related studies, we noticed an 
exceptional phenotype for the aging knockout mice that we are reporting 
here for the first time. These mice displayed a slower aging process that 
resulted in increased life span, retention of vigor into old age, reduced 
whitening of hair and reduced accumulation of adipose tissue. To test 
whether this phenotype develops from early age or only appears in older 
mice, we examined 10 weeks old mice for metabolic activity differences. 
Overall, the FAT10 knockout mice were lighter and more metabolically 
active. MRI measurement of body composition revealed that FAT10 
knockouts had only 40% of body fat present in the control mice and had 
more muscle tissue. Consistent with the slower aging process we also found 
FAT10 knockout mice to be more glucose tolerant and insulin sensitive as 
reflected by lower plasma glucose and insulin concentrations measured 
during an intraperitoneal glucose tolerance test. 
These observations indicate that FAT10 is a component of processes linking 
metabolic regulation, inflammatory stresses, and aging. 
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RELATIONSHIPS BETWEEN REPRODUCTIVE AND SOMATIC 
AGING IN C. ELEGANS 
 
Christopher L Pickett, Brinda Armstead, Kerry Kornfeld  
 
Washington University School of Medicine, Department of Developmental 
Biology, St. Louis, MO, 63110 
 
Aging is characterized by progressive, degenerative changes in reproductive 
and somatic tissues. To elucidate the relationships among degenerative 
changes in Caenorhabditis elegans, we developed non invasive methods to 
measure age-related changes quantitatively and analyzed correlations 
among these changes using a longitudinal study. The age-related declines of 
pharyngeal pumping and body movement were positively correlated with 
each other and life span in wild-type animals. These findings suggest that 
the declines of pharyngeal pumping and body movement cause a decline in 
survival probability or that a shared regulatory system mediates the declines 
in pharyngeal pumping, body movement and survival probability. 
Furthermore, measurements of these processes can be used to predict life 
span and detect premature aging.  
To characterize the relationships between reproduction and longevity, we 
conducted longitudinal studies comparing reproductive output, reproductive 
aging, and somatic aging in wild-type hermaphrodites that were self-fertile 
or mated to males. Self-fertile animals cease reproduction due to depletion 
of self-sperm, whereas mated animals cease reproduction due to the age-
related decline of reproductive function. We analyzed brood size, 
reproductive span, body movement span, pharyngeal pumping span, and life 
span for each hermaphrodite. Mated animals generated more than twice the 
number of progeny and had significantly longer reproductive spans than 
self-fertile animals. Despite the increases in reproductive output and 
reproductive span, the movement, pumping, and life spans were not 
significantly different between mated and self-fertile animals. These data 
suggest that increasing reproductive output and extending the reproductive 
span does not affect somatic aging in wild-type animals. 
Spearman rank correlation analysis was used to determine the relationships 
among reproductive output, reproductive aging, and somatic aging. In 
mated hermaphrodites, reproductive output was positively correlated with 
reproductive and somatic aging. These findings indicate that brood size and 
reproductive span can be used as positive predictors of life span in wild-
type hermaphrodites that maximize progeny production. In mated animals, 
brood size showed the strongest positive correlation with life span and other 
somatic aging components by day five of egg laying. These results suggest 
that the number of progeny laid in the first half of the reproductive period is 
a positive indicator of life span in wild-type hermaphrodites. Furthermore, 
our data indicate the current theories linking reproduction and aging may 
not accurately describe the relationship between these traits in C. elegans. 
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MOLECULAR CHARACTERIZATION OF NOVEL REGULATORS IN 
REPRODUCTION WITH AGE 
 
Shijing Luo, Gunnar Kleeman, Eileen Zhuang, Cheng Shi, KyungHwa Lee, 
Coleen T Murphy 
 
Princeton University, Lewis-Sigler Institute of Integrative Genomics, 
Princeton, NJ, 08544 
 
In spite of decades of research to solve human infertility problems, 
miscarriages, and birth defects, it is not well understood how reproduction 
is regulated by physiological and environmental factors. Like humans, C. 
elegans’ reproductive span is short relative to its life span. C. elegans and 
humans share a correlation between reproductive aging and declining 
oocyte quality in morphology and transcription (Luo et al., in press). Shared 
age-related changes in the germ line and oocytes include alterations in 
chromosome segregation fidelity, DNA damage resistance, and oocyte and 
germ line morphology (Luo et al., in press). The conserved TGF-b 
Sma/Mab pathway controls body growth and male tail development, and we 
recently found that it is the first regulator of reproductive aging that does 
not regulate somatic aging (Luo, et al 2009). Sma/Mab signaling mutants 
significantly extend reproductive span through transcriptional activity that 
modulates the maintenance of germ line/oocyte quality (Luo et al., in 
press). TGF-b and Insulin/IGF-1 activity in the soma regulate C. elegans 
reproductive span through its maintenance of germ line (Luo et al., in 
press). However, the signaling molecules that communicate between the 
soma and germ line are not yet known, and additional regulators of 
reproductive aging may exist. To address these questions, we have carried 
out Mos1 mutagenesis to identify novel genes that extend reproductive 
span. Identifying inter-tissue messengers and neurons for the maintenance 
of germ line and oocyte quality will help us develop the most effective 
treatments and preventions of age-related reproductive quality decline. 
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A MOLECULAR ODOMETER FOR AGING IN C. ELEGANS 
 
Adolfo Sanchez-Blanco, Stuart K Kim  
 
Stanford University School of Medicine, Developmental Biology, Stanford, 
CA, 94305 
 
A common property of aging in all animals is that chronologically and 
genetically identical individuals age at different rates. To unveil 
mechanisms that influence aging variability, we developed a molecular 
odometer for aging in C. elegans. This odometer uses transgenic lines 
expressing fluorescent reporter constructs of C. elegans genes whose 
expression changes with age. By scoring expression levels of aging markers 
in a young synchronous population, we can predict the remaining lifespan 
of individual worms. We identified eight aging markers, with sod-3 
expression being the best single predictor of lifespan. Visualizing the 
physiological age of chronologically-identical individuals allowed us to 
show that variable infection from individual to individual is a major source 
of lifespan variability, and that the mechanism involves variable activation 
of the insulin-signaling pathway. Our work defines a robust set of molecular 
markers for aging, shows that bacterial pathogenicity in the intestine is a 
major cause of death during normal aging, and reveals mechanisms 
underlying aging stochasticity in normal worm aging. 
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GENOME INSTABILITY IN AGING AND LONGEVITY 
 
Bjoern Schumacher  
 
University of Cologne, CECAD, Cologne, 50674, Germany 
 
Genome Instability has been recognized as causal factor of cancer and 
recently also as a major contributing factor of aging. A number of skin 
cancer susceptibility and progeroid (premature aging-like) syndromes are 
linked to defects in nucleotide excision repair (NER). NER thus provides a 
highly relevant experimental system to study the role of genome integrity 
both in cancer and in aging. Using the NER system we recently uncovered a 
novel link between DNA damage accumulation and the regulation of 
longevity assurance programs and tumor suppressor mechanisms. Based on 
genome-wide comparative correlation analysis we uncovered similarities 
between progeroid mouse models and mice with extended longevity. 
Furthermore, we demonstrated the validity of genome-wide correlation 
analysis for assessing biological aging. Mechanistically, we identified a 
response program to persistent DNA damage that is triggered amid 
increasingly damaged genomes with aging. DNA damage treatment in vitro 
led to similar gene expression changes as observed in various tissues with 
aging. Low amounts of persistent lesions that interfere with RNA 
polymerase II elongation led to attenuation of somatotropic genes that is 
linked to extended longevity. Functionally, this response program evoked 
enhanced stress resistance and antagonized hyperplasia. We propose that 
sensing of low levels of persistent DNA damage by RNAPII comprises a 
mechanistic basis for hormesis and shifts the organism’s resources from 
growth to somatic maintenance in aging. 
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A NOVEL PARADIGM FOR AGE-ONSET NEURODEGENERATION: 
REPETITIVE INJURY STRESS USING A C. ELEGANS BASED 
MODEL- WHAT CAN A WORM TELL US ABOUT MUHAMMAD 
ALI? 
 
Peter M Douglas, Andrew Dillin  
 
The Glenn Center for Aging Research, Howard Hughes Medical Institute, 
Salk Institute for Biological Studies, Cellular and Molecular Biology, La 
Jolla, CA, 92037 
 
Multicellular organisms encounter any number or variety of extrinsic 
injuries throughout their life yet their multicellular organization and 
functional state remain relatively resilient to these mechanical stresses. On 
the other hand, chronic exposure to mechanical injury early in life can 
become detrimental to the long-term health of the organism. This concept is 
clinically relevant because it addresses the repetitive brain trauma suffered 
by younger individuals who manifest numerous symptoms of 
neurodegeneration later in life. The molecular signaling pathways which 
elicit a protective response to mechanical injury remain ill-defined. 
Furthermore, it is not clear how chronic exposure to mechanical injury can 
overwhelm this stress response pathway and impair organismal health later 
in life. We hypothesize that identity and elucidation of the signaling 
pathways that protect against repetitive mechanical stress will provide new 
therapeutic targets for age onset neurodegenerative diseases, as well as 
reveal new insights into the aging process. In a first test of this hypothesis, 
we established a mechanical injury paradigm for C. elegans to study the 
ramifications of repetitive injury on aging organisms. Worms subjected to a 
low number of injuries early in adulthood showed no significant change in 
lifespan. Interestingly, subjecting young worms to increased injury number 
accelerated the rate of age-related death and progressive age-related 
phenotypes. Age-extension pathways were shown to delay the early-onset 
of death resultant from chronic injury. Most importantly, mechanical injury 
initiates a transcriptional response distinct from other stress response 
pathways, suggesting that a novel signaling pathway might be invoked to 
protect animals from repetitive mechanical injury. Compromising key 
components in this newly identified mechanical stress response pathway 
compromised the ability of worms to sustain chronic injury. In conclusion, 
we have defined a novel stress response pathway which may provide insight 
into protective mechanisms for mechanical injury and a better 
understanding of the aging process. 
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ANTICANCER MECHANISMS IN A LONG-LIVED RODENT, THE 
NAKED MOLE-RAT 
 
Andrei Seluanov, Christopher Hine, Jorge Azpurua, Zhiyong Mao, Vera 
Gorbunova  
 
University of Rochester, Biology, Rochester, NY, 14627 
 
The naked mole-rat is the longest living rodent with a maximum lifespan 
exceeding 28 years. In addition to its longevity, naked mole-rats have an 
extraordinary resistance to cancer as tumors have never been observed in 
these rodents. Furthermore, we demonstrated that naked mole-rat fibroblasts 
require more “hits” for malignant transformation than the mouse cells. 
Interestingly, naked mole-rat cells constitutively express telomerase and do 
not become senescent in culture. Replicative senescence is an important 
anticancer mechanisms that limits cell proliferation. The presence of active 
telomerase may provide an advantage by allowing for better cell renewal in 
the naked mole-rat tissues, but on the other hand, active telomerase is often 
associated with tumorigenesis. These observations make the cancer 
resistance of naked mole-rats even more intriguing, and suggest that naked 
mole-rats evolved alternative telomere-independent tumor-suppressor 
mechanisms. We identified one such mechanism, termed early contact 
inhibition (ECI). Contact inhibition is a key anticancer mechanism that 
arrests cell division when cells reach a high density. In cell culture, naked 
mole-rat fibroblasts arrest at a much lower density than those from a mouse. 
We demonstrate that early contact inhibition requires the activity of p53 and 
pRb tumor suppressor pathways. ECI is triggered by a recently identified 
extra-cellular signal, which then leads to accumulation of a cyclin 
dependent kinase inhibitor p16INK4A. INK4 locus is an important tumor 
suppressor, and regulator of stem cell aging. Our preliminary data suggests 
that naked mole-rat INK4 locus has a highly unusual structure, which is 
divergent from both human and mouse.  
Cancer-prone mouse models are valuable for development of cancer 
treatments. However, to find ways to prevent cancer before it occurs it 
would be extremely useful to study cancer-resistant models such as the 
naked mole-rat. We anticipate that these unusual rodents have evolved 
multiple novel anticancer adaptations, which would pave the way for 
development of novel therapies for cancer treatment and prevention. 
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DELETION OF ALL FIVE SUPEROXIDE DISMUTASE GENES 
MARKEDLY INCREASES SENSITIVITY TO OXIDATIVE STRESS 
BUT DOES NOT AFFECT LIFESPAN IN CAENORHABDITIS ELEGANS 
 
Jeremy M Van Raamsdonk, Siegfried Hekimi  
 
McGill University, Biology, Montreal, H3A 1B1, Canada 
 
The free radical theory of aging postulates that aging results from oxidative 
damage to macromolecules that accumulates over time, eventually leading 
to cellular dysfunction and organismal death. In order to safely eliminate 
reactive oxygen species (ROS), cells produce a number of detoxifying 
enzymes including superoxide dismutases (SODs), which initiate the 
conversion of superoxide to water. While most organisms have three SODs, 
Caenorhabditis elegans has five sod genes, which are expressed in the 
cytoplasm, mitochondria, secretory pathway and extracellular space. The 
deletion of individual sod genes results in increased sensitivity to oxidative 
stress but has little or no detrimental effect on lifespan. To eliminate the 
possibility that other sod genes were compensating for the loss of individual 
sod genes, we generated quintuple mutants with deletions in all five sod 
genes. Unlike other organisms, such as mice, where deletion of even a 
single sod gene can be lethal, sod-1;sod-2;sod-3;sod-4;sod-5 worms (sod-
12345 worms) are viable and fertile. Phenotypic characterization of sod-
12345 worms revealed numerous abnormalities including decreased brood 
size, decreased rate of thrashing, slow defecation cycle rate and slow post-
embryonic development. In addition, sod-12345 worms exhibit markedly 
increased sensitivity to oxidative stress, both during development and as 
adults, as well as increased sensitivity to other stresses, including cold stress 
and osmotic stress. Despite their increased sensitivity to multiple stresses, 
the lifespan of sod-12345 worms is not different from wild-type. This 
finding clearly challenges the free radical theory of aging, which predicts 
that worms with a decreased antioxidant defence and increased sensitivity 
to oxidative stress would have decreased lifespan. Overall, our findings 
demonstrate that worms with deletions in all five sod genes exhibit 
numerous abnormal phenotypes and increased sensitivity to a variety of 
stresses but that increased sensitivity to multiple stresses does not result in 
decreased lifespan. 
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AGE-DEPENDENT DYNAMICS OF THE ROLE OF DAF-16/FOXO IN 
C. ELEGANS HOST DEFENSE  
 
Matthew J Youngman, Dennis H Kim  
 
MIT, Biology, Cambridge, MA, 02139 
 
Immunosenescence, the age-related decline in immune function, leads to an 
increase in susceptibility to infection in old age. This phenomenon remains 
largely uncharacterized at the molecular level but may be caused by 
decreased activity of signaling pathways that regulate the immune response 
later in life. To test this hypothesis, we validated C. elegans as a system for 
studying host defense during aging. In a C. elegans-P. aeruginosa host-
pathogen model of infection, we find that worms exhibit an age-dependent 
increase in susceptibility to pathogen. In C. elegans, the insulin/IGF-1 
pathway, in which the FOXO transcription factor DAF-16 is the key 
downstream component, has been shown to play roles in both host defense 
and lifespan determination. Previous studies have characterized the function 
of DAF-16 in the context of derepression through loss-of-function 
mutations in daf-2, the receptor for insulin-like molecules in C. elegans. We 
describe the first characterization of DAF-16 function in the more 
physiologically relevant context of aging and demonstrate that, surprisingly, 
its activity with respect to innate immunity increases in an age-dependent 
manner. Loss of DAF-16 function exacerbates the enhanced susceptibility 
to pathogen of adults, but larval stage daf-16 mutants are killed by infection 
with P. aeruginosa at a rate similar to wild type worms, suggestive of a role 
for DAF-16 in host defense specifically during aging. Accordingly, 
overexpression of DAF-16 confers resistance to pathogen in adult worms 
but not larvae. Suggesting that DAF-16 activity increases over time, 
genome-wide transcriptional profiling during aging reveals that relative to 
their expression in late larval stage animals, many DAF-16-regulated 
immune effectors are expressed at significantly higher levels in 6-day-old 
adults. We find that both the increase in DAF-16 target expression and its 
role in host defense during aging require the cofactor SMK-1, indicating 
age-dependent regulation of DAF-16. Our studies indicate an increasingly 
important role for DAF-16 in immune protection during aging and imply 
that positive regulatory modules govern components of host defense later in 
life. 
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P53, GENETICALLY ENGINEERED MICE, AND THE 
CANCER/AGING INTERFACE 
 
Larry Donehower, Neha Parikh, George Hinkal, Catherine Gatza, Lynette 
Moore  
 
Baylor College of Medicine, Molecular Viroogy and Microbiology, Houston, 
TX, 77030 
 
Cancer is an aging-related disease. Cancer rates increase dramatically in 
humans in the last third of their lifespan. Moreover, cancer is the second leading 
cause of mortality among U.S. adults age 65 or over. How the aging process 
promotes cancer initiation and progression remains largely unclear. Our lab is 
interested in exploring the cancer/aging interface through the generation and 
characterization of genetically engineered mouse cancer and aging models. In 
particular, we are focused on the role of the p53 tumor suppressor gene in both 
cancer and aging. P53 is the most frequently mutated cancer-associated gene 
and roughly half of all cancers exhibit p53 structural alterations. The tumor 
suppressor function of p53 is activated in normal cells by a variety of stresses, 
including DNA damage and aberrantly activated oncogenes. Once activated, 
p53 invokes either an apoptotic response or a cell cycle arrest/senescence 
response. In either case, damaged or aberrantly dividing cells are prevented 
from further division, facilitating the elimination of dysfunctional or 
precancerous cells. We hypothesize that the anti-proliferative functions of p53 
may also impact tissue aging. 
 
We have previously shown that mice without p53 all develop terminal cancers 
by the age of eight months, confirming that p53 is a critical longevity assurance 
gene. Subsequently, we showed that mice with a hypermorphic allele of p53 
were resistant to cancer, but exhibited numerous accelerated aging phenotypes. 
While some hyperactive p53 mutant mice and other mutant mice that evoke a 
heightened p53 response show accelerated aging and reduced longevity, other 
p53 hypermorphic mice do not display early aging, and in one case delayed 
aging. We have attributed these opposing results to the nature of p53 regulation 
in the two types of models.  
 
Recently, we have begun to analyze oncogenic signaling and the anti-oncogenic 
response to it (led by activated p53) as a function of age in genetically 
engineered mouse models. We have temporally and globally deleted p53 at 
different ages and at different time points following oncogenic stress. We have 
also begun to specifically activate a mutant Ras oncogene in various tissues at 
different ages to monitor the effects of age on the strength of various oncogenic 
signaling pathways and the various tumor suppressor pathways and 
mechanisms. In addition to strong p19, p16, and p53 activation, Ras activation 
invokes very potent DNA damage and NF-κB responses in multiple tissues of 
young mice. We are currently beginning to assess the effects of activated Ras in 
corresponding older tissues.  
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A TELOMERASE GENE THERAPY INTERVENTION IN ADULT/OLD 
MICE EXTENDS HEALTH-SPAN AND LONGEVITY IN THE 
ABSENCE OF CANCER 
 
Bruno Bernardes de Jesus1, Elsa Vera 1, Kerstin Schneeberger 1, Eduard 
Ayuso2,3, Fatima Bosch 2,3, Maria A. Blasco1  
 
1Spanish National Cancer Centre (CNIO), Telomeres and Telomerase 
Group, Molecular Oncology Program, Madrid, E-28029, Spain, 2Center of 
Animal Biotechnology and Gene Therapy (CBATEG), Department of 
Biochemistry and Molecular Biology, Bellaterra, E-08193, Spain, 
3CIBERDEM, CIBER de Diabetes y Enfermedades Metabólicas Asociadas, 
Barcelona, E-08036, Spain 
 
A major goal in aging research is to improve health in aged organisms. 
Several pathways have been involved in the ageing process being telomere 
loss one of the best understood causes of aging in mammals. In the case of 
mice, genetic manipulations that shorten or lengthen telomeres result, 
respectively, in decreased or increased longevity. Based on this, we have 
tested the effects of an enforced telomerase expression in adult (1 year of 
age) and old (2 years of age) mice tissues. Treatment of 1-yr or 2-yr old 
mice with an adeno associated virus (AAV) of wide tropism expressing 
mouse telomerase shown remarkable beneficial effects on health and 
fitness, including insulin sensitivity, osteoporosis, neuromuscular 
coordination, memory, as well as on a number of molecular biomarkers of 
aging. Importantly, telomerase-treated mice did not develop more cancer 
than their control littermates, suggesting that the known tumorigenic 
activity of telomerase is severely decreased when expressed in adult or old 
organisms using AAV vectors.  
Telomerase-treated mice at 1-yr or 2-yr of age had an increase in median 
lifespan of 24 and 13%, respectively. Survival curves were completed in the 
case of mice treated at 2-yr of age and they also presented a significant 
increase (20%) in maximal lifespan. These results undoubtedly demonstrate 
the capacity of a telomerase-based therapy to improve healthy aging and 
extend longevity in an adult/old mammalian organism, and constitute a 
proof of principle for the feasibility of anti-aging gene therapy.  
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DNA DAMAGE REPAIR DEFICIENCY CAUSES COGNITIVE 
IMPAIRMENT BY CHROMATIN REMODELING 
 
Jian Wang1, Amy Ryan1, Monlan Yuan1, Tao Lu1, Damien Rei2, Jun Gao2, 
Ji-Song Guan2, Cheng Li3, Li-huei Tsai2, Bruce A Yankner1  
 
1Harvard Medical School, Department of Pathology, Boston, MA, 02115, 
2Picower Institute for Learning and Memory, Department of Brain and 
Cognitive Sciences, Cambridge, MA, 02139, 3Dana-Farber Cancer Institute, 
Department of Biostatistics, Boston, MA, 02115 
 
DNA non-homologous end joining (NHEJ) repair is crucial to eliminate 
DNA double-strand breaks (DSBs) and maintain chromatin integrity in 
neurons. Deficiency in the NHEJ pathway can lead to developmental 
defects as well as aging-associated neurodegenerative syndromes, such as 
Alzheimer’s disease. We have observed that the DSB foci significantly 
increase in the hippocampus and frontal cortex of Alzheimer patients by 
immunofluorescence, which raises the possibility that accumulated DNA 
damages may contribute to cognitive decline and/or neurodegeneration. To 
define the role of NHEJ repair in central nervous system, we utilized the 
conditional knockout nestin-cre;xrcc4 (NC) mice which carry the depletion 
of the DNA Ligase 4 cofactor XRCC4 in neuron progenitor cells. Although 
there are markedly elevated DNA DSB foci in the brain of NC mice, the 
homozygous knockout mice have no neuronal loss and display grossly 
normal phenotype till adulthood. Interestingly, NC mice failed the learning 
and memory tests including Contextual Fear Conditioning and Morris 
Water Maze. Long-term potentiation in the NC hippocampal slices reduced 
accordingly. A further microarray analysis revealed a broad downregulation 
of ion-channel receptors and synapse structure genes. Taken together, our 
data indicated a fundamental role of NHEJ repair in memory formation, and 
the elevated DSBs in the brain may be a causal factor for the cognitive 
impairment phenotype of NC mice. How did the DSB foci lead to a wide-
spectrum suppression of synaptic genes in hippocampus? In wild-type mice, 
the transcription activation markers, trimethyl-histone H3 (Lys4) and 
trimethyl-histone H3 (Lys36), are upregulated at 2h following fear 
conditioning test and then back to basal levels at 24h. On the contrary, the 
transcription repression markers, dimethyl-histone H3 (Lys9) and trimethy-
histone H3 (Lys27), are both downregulated at 2h after the electric shock 
stimuli and back to normal when long-term memory consolidation is 
finished. Next, we examined the signals of these epigenetic markers in NC 
mice and found that both dimethy-H3K9 and trimethy-H3K27 are 
constantly upregulated in the hippocampus of NC mice. Our results suggest 
that DNA damage stress in the brain causes chromatin remodeling via 
histone H3 methylation, subsequently silencing a set of synaptic gene 
expression and resulting in memory deficits. This hypothesis is currently 
tested in human brain aging and Alzheimer’s disease, which may provide 
therapeutic potentials in the future. 
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SIRT1 PRESERVES MALE FERTILITY THROUGH REGULATION OF 
CHROMATIN CONDENSATION IN THE DIFFERENTIATING 
SPERMATID 
 
Eric Bell1, Ippei Nagamori2, Stephane Ricoult1, Dana Braff1, Paulo Sassone-
Corsi2, Robert Braun3, Leonard Guarente1  
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Sir2 is an NAD-dependent deacetylase that regulates responses to a wide 
variety of biological processes, including calorie restriction (CR). A 
reduction in fertility is a hallmark of CR, yet whether SirT1 plays a cell 
autonomous role in this process has not been examined. We have uncovered 
a role for SirT1 in regulating the differentiation of haploid spermatids to 
spermatozoa, independent of hormone signaling. The specific deletion of 
SirT1 in pre-meiotic spermatocytes results in smaller testis with decreased 
spermatozoa number and increased numbers of abnormally shaped 
spermatozoa, resulting in a defect in fertility. Additionally we find that 
transition protein 2, a testis specific protein necessary for proper chromatin 
condensation during haploid differentiation, fails to properly localize to 
chromatin in elongating spermatids of the germ cell-specific SirT1 
knockout mouse. Moreover, reminiscent of Sir2 which regulates silencing, 
recombination, and lifespan in yeast by histone deacetylation, we find that 
chromatin does not properly condense in the elongating spermatids of these 
mice and mature spermatozoa have increased DNA breaks. This data is 
consistent with a conserved role of Sirtuins in chromatin condensation, 
suggesting that SirT1 regulates the fidelity of the transmitted genome, 
which over time could potentially promote successful reproduction to delay 
organismal senescence.  
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Human genome-wide association studies have linked single nucleotide 
polymorphisms (SNPs) on chromosome 9p21.3 near the INK4/ARF 
(CDKN2a/b) locus to age-related diseases including atherosclerosis. 
Although this locus contains three well-characterized tumor suppressors: 
p16INK4a, p15INK4b and ARF, the SNPs most strongly associated with 
atherosclerosis are ~120 kb from p15INK4b within a long non-coding RNA 
known as ANRIL (CDKN2BAS). While we previously showed decreased 
expression of ANRIL and the coding INK4/ARF transcripts in individuals 
homozygous for the atherosclerotic risk allele, the mechanism by which 
such distant genetic variants influence INK4/ARF expression is unknown. 
Here, we used 3’ and 5’ rapid amplification of cDNA ends (RACE) and 
next-generation RNA sequencing datasets to identify the predominant 
ANRIL species. We observed two main pools of ANRIL transcripts, short 
and long, based upon their inclusion or exclusion of exons 15-19. Each of 
these pools was present at very low copy numbers in primary and cultured 
cells, however only the short isoforms correlated with the genotype of the 
atherosclerosis-associated SNP, rs10757278. RACE also identified 
transcripts containing non-colinear ANRIL exonic sequences that correlated 
with rs10757278 genotype. These non-polyadenylated RNAs resisted 
RNAse R digestion, suggesting that they were circular byproducts of 
mRNA splicing. PCR amplification and sequencing of these species with 
outward-facing primers confirmed their circular structure, putting forth the 
hypothesis that ANRIL exon skipping events are SNP-dependent. To 
investigate this possibility, we used next-generation DNA sequencing along 
with splice prediction algorithms to identify polymorphisms within the 
atherosclerosis-risk interval that may regulate ANRIL splicing. 80 SNPs 
with potential to modulate ANRIL splicing were uncovered. These results 
are the first to identify stable, circular RNA products emanating from the 
ANRIL locus and strongly support a model wherein variability in ANRIL 
splicing and/or isoform selection influences INK4/ARF expression and 
disease susceptibility. 
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Aging is a major risk factor for the most common human diseases. 
Identification of gene variants that predispose humans to crippling diseases 
at old age is likely to help find novel strategies for prevention and therapy. 
Moreover, such genetic insight into gene variants will provide important 
mechanistic insights into the molecular basis of aging. Accumulation of 
DNA damage and mutations has been considered an important causal factor 
in age-related diseases such as cancer and, and there is strong evidence that 
genome maintenance is a major longevity assurance pathway because 
genetic defects in this pathway cause a shorter life span and premature 
aging in humans and mice. We hypothesize that genetic variation at loci 
involved in genome maintenance can be related to individual differences in 
the rate and severity of aging. We are conducting a systematic 
multidisciplinary study to discover functional gene SNPs (single nucleotide 
polymorphisms), among over eighty candidate genes acting in genome 
maintenance pathways. These candidate genes include all DNA repair genes 
in which heritable mutations have been found associated with accelerated 
aging in humans or mice as well as genes interacting with these key genes 
and other genes acting in the same pathway. Here, we report identification 
of functional regulatory variants in the human SIRT1 promoter associated 
with risk to myocardial infarction. Functional analysis involving 
transcription reporter assays, knock-down analysis, and ChIP analysis has 
permitted the delineation of a novel pathway by which genotoxic stress 
leads to CTCF- induced activation of SIRT1 gene expression, a mechanism 
that is abrogated in the risk carriers. These results suggest that the altered 
transcriptional events in SIRT1 gene contribute to susceptibility to a major 
aging related disease in humans. 
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Genomic instability drives many age-related pathologies, including cancer. 
To protect organisms from the consequences of severe DNA damage, 
normal cells can undergo apoptosis or enter a permanent growth arrest 
termed cellular senescence. Senescent cells accumulate with age, are 
resistant to apoptosis, and display many changes in gene expression, 
including increased mRNA levels and secretion of inflammatory cytokines. 
DNA damage-induced senescence is characterized by the formation of 
persistent nuclear foci termed DNA-SCARS (DNA Segments with 
Chromatin Alterations Reinforcing Senescence), which are required for the 
growth arrest and cytokine expression. Little is known about how DNA-
SCARS mediate these senescent phenotypes.  
The p53 tumor suppressor, which regulates cell fate after DNA damage, is a 
component of DNA-SCARS. When phosphorylated on Ser46, p53 strongly 
favors apoptosis over transient cell cycle arrest, but Ser46 is also 
phosphorylated in response to several senescence-inducing stimuli. It is not 
clear how apoptosis is restrained in these cases. Forkhead Box O 
transcription factors are tumor suppressors that are negatively regulated by 
signaling through the PI3K-PKB/AKT pathway and activated by oxidative 
stress. Their role in DNA damage responses is only beginning to be 
unraveled.  
Using normal human fibroblasts, we find that FOXO4 mRNA and protein 
levels rise significantly in response to senescence-inducing levels of 
ionizing radiation (IR) followed by its recruitment into DNA-SCARS. 
Strikingly, loss of FOXO4 expression following RNA interference resulted 
in apoptosis rather than senescence. Since IR induces strong p53-Ser46 
phosphorylation in these human fibroblasts, this finding suggests that 
FOXO4 is pivotal for restraining apoptosis and favoring senescence. 
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Deprotected telomeres suppress tumor progression by engaging cell-
intrinsic programs leading to senescence or apoptosis, providing a direct 
link between the up-regulation of telomerase observed in most of human 
cancers and oncogenesis. Interestingly, an increased dosage of TRF2, a key 
factor for telomere protection and acting independently of telomerase, is 
also observed in various human malignancies, is required for tumorigenicity 
of a melanoma cell line and contributes to carcinogenesis in mice. However, 
the mechanism by which TRF2 controls cancer formation is unknown. 
Unsuspectingly, we demonstrate here that a reduced dosage of TRF2 can 
impair neo-angiogenesis and tumorigenicity in the absence of overt 
activation of the DNA damage response pathway and without promoting an 
intrinsic anti-proliferative program. In fact, we revealed that TRF2 
inhibition triggers a cell-extrinsic program leading to natural killer (NK) 
cells activation, interferon-gamma production, anti-angiogenesis and 
oncosuppression. We propose that overexpression of TRF2 is a critical step 
in human oncogenesis by contributing to bypass innate immune 
surveillance. More generally, these results suggest that telomeres can signal 
to the cells independently of the bona fide DNA damage response and that a 
sophisticated mechanism of co-evolution linked telomeres to the immune 
system to keep tissue integrity in check during development and aging. 
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Epigenetic information is only partially stable and destined to change 
during development and in driving essential somatic functions. This makes 
it a more likely candidate for errors than its more stable DNA sequence 
counterpart, for which changes have been well documented and increase 
during aging. 
In the past, it has been proposed that aging is a time-dependent process of 
dysdifferentiation associated with increased molecular randomization of 
cellular genomes and transcriptomes leading to cell functional decline and 
eventually to age-related pathologies, including but not limited to cancer. 
We are currently testing the hypothesis that age-dependent molecular 
randomization is driven, at least in part, by a loss of normal epigenetic 
patterns which could be due to errors in maintaining established patterns of 
DNA methylation. In this respect, pertinent questions are: do epimutations 
accumulate in somatic cells during aging? Do random epimutations affect 
cell fate or function, or do such events occur too infrequently to be 
problematic? How serious is epigenomic damage in causing relatively 
homogenous cell populations to experience increased heterogeneity, likely 
to lead to eventual tissue degeneration? Are some cells more susceptible to 
epimutations than others? To address these questions we have analyzed 
genome-wide DNA methylation patterns in tissues from young and old 
mice using a Massively-Parallel Sequencing-based variant of the HpaII-tiny 
fragment Enrichment by Ligation-mediated PCR (HELP) assay. Using this 
procedure, called HELP-tagging, we discovered extensive, sequence-
specific DNA methylation changes with age. These results will be 
presented. However, while systematic epigenetic changes can be studied 
with current techniques, the challenge that remains to be addressed is to 
determine stochastic changes. For this purpose it is necessary to have access 
to procedures that allow assessing genome-wide methylation patterns at the 
level of single-cells or single-molecules. Such methodology is currently 
entirely lacking. To fill this void we have adapted current bisulfite-based 
DNA methylation detection assays to the level of the single cell. We will 
present initial results showing single-cell DNA methylation analysis of 
single hepatocytes, fibroblasts and neuronal nuclei. Preliminary results as to 
how this single cell approach can be used to study DNA methylation 
patterns genome-wide will be presented and discussed. 
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Accumulation of genome rearrangements in somatic tissues has been 
implicated as a causal factor in aging. Previously, using a transgenic LacZ 
mutation reporter assay, we observed age and tissue-specific accumulation 
of genome rearrangements in both mice and Drosophila melanogaster. In 
Drosophila the frequency of somatic rearrangements on a per locus basis 
was about five times the frequency of such events in the average mouse 
tissue (Garcia et al., PLoS Genetics 6, e1000950, 2010). With the advent of 
next generation sequencing, it is now theoretically possible directly assess 
genome rearrangements load in tissue DNA by using paired-end mapping in 
massively parallel sequencing. We have begun to use this approach to 
analyze genome rearrangements in aging flies on a genome-wide scale. 
Genomic DNAs extracted from male and female flies were subjected to PE 
sequencing on the Illumina Genome Analyzer II. The PE data were 
subsequently mapped to a Drosophila RefSeq (Dm3) by the BreakDancer 
algorithm. The alteration of measured distance and orientation of paired-end 
reads in comparison to the coordinates dictated by the RefSeq indicates an 
incidence of genome rearrangement. Our PE data had a ~60X coverage of 
Drosophila genome. The genomic DNAs extracted from young male and 
female flies show similar but not identical profiles of germ-line mutations. 
The structural variations are mainly localized in the intergenic and 
noncoding regions (introns, 5’ and 3’ UTRs) but rarely exist in the exonic 
regions, clearly as a result of selection. In addition, more Indels are 
localized in the euchromatin than heterochromatin portion of chromosomes. 
Further comparisons of the somatic mutation profiles among young and old 
flies, as well as flies fed with superoxide-generating paraquat are current 
being examined. 
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Although the p16INK4a and p21Waf1/Cip1 CDK inhibitors are known to play 
key roles in cellular senescence in vitro, their roles are poorly understood in 
vivo. This is partly due to the possibility of the compensatory effect(s) 
between p16INK4a and p21Waf1/Cip1, or by up-regulation of functionally related 
CDK inhibitor(s). To directly address the cooperative role of p16INK4a and 
p21Waf1/Cip1 in vivo, we have generated a compound mouse line simply 
lacking both p16INK4a and p21Waf1/Cip1 genes (DKO) on C57BL/6 
background, and evaluated the roles of these critical senescence inducers. 
The mouse embryonic fibroblasts(MEFs) derived from DKO mice show no 
sign of cellular senescence when the cells are serially cultured in vitro. 
Moreover, DKO-MEFs readily escape Ras-induced senescence and override 
contact inhibition in culture. This is not the case in MEFs lacking either 
p16INK4a or p21Waf1/Cip1, indicating that p16INK4a and p21Waf1/Cip1 play 
cooperative roles in both cellular senescence and contact inhibition in vitro. 
Interestingly moreover, DKO-mice are extremely susceptible to 
DMBA/TPA- induced skin carcinogenesis accompanied by oncogenic 
mutation in H-ras gene. Dissecting the effects observed in DKO mice by 
comparison with mice lacking p16INK4a or p21Waf1/Cip1, it has become 
apparent that the high incidence of cancer in DKO genotype is likely to be 
due to the cooperative effect of increased benign skin tumor formation due 
to p21Waf1/Cip1 loss and increased malignant conversion of benign skin 
tumors due to p16INK4a loss. These results reveal the intrinsic cooperation 
between p16INK4a and p21Waf1/Cip1 in the onset of cellular senescence and 
tumor suppression in vivo.  
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Chromatin structure affects the accessibility of DNA to transcription, repair 
and replication. Changes in chromatin structure occur during development, 
but less is known about changes during aging. We examined the epigenetic 
state of chromatin and its effect on gene expression during aging in adult 
Drosophila at both the whole genome and the cellular level. Using a 
combination of chromatin IP/whole genome microarrays (ChIP-chip) 
against active and repressive chromatin marks, transcriptional microarrays, 
single cell immunohistochemistry, and Western blotting, we found dramatic 
reorganization of chromosomal regions with age. ChIP-chip against HP1 as 
well as the histone H3K9me3 modification in young flies revealed a robust 
enrichment of binding in the pericentric heterochromatin, the 4th 
chromosome, and islands of facultative heterochromatin dispersed 
throughout the genome. In older flies, there is a striking reduction in this 
enrichment, resulting in a nearly equivalent level of H3K9me3 and HP1 
signal in heterochromatic and euchromatic regions. These changes in 
repressive chromatin marks are associated with alterations in age-related 
gene expression. In addition, single-cell immunohistochemistry reveals 
changes in nuclear distribution of H3K9me3 and HP1 with age. The 
epigenetic changes that take place during aging are expected to directly or 
indirectly impinge on important cellular functions such as gene expression, 
DNA repair, and DNA replication. Studies such as these combining 
genome-wide techniques and single cell assays provide a first step toward 
defining how changes in chromatin may contribute to the process of aging 
in metazoans. 
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The sensory system has previously been shown to mediate the effects of 
food levels on lifespan. However, the lifespan of an animal is affected not 
only by the level of its food intake but also by the type of its food source. 
We show that sensory neurons also alter C. elegans lifespan in response to 
specific food types, e.g., different E. coli food sources, as opposed to 
different food levels. In addition, we find that sensory neurons mediate the 
food type-dependent effects on lifespan by acting with the neuropeptide 
receptor nmur-1, a homolog of mammalian neuromedin U receptors. Wild-
type nmur-1, which is expressed in sensory neurons, interneurons and the 
somatic gonad, shortens lifespan only on specific E. coli strains—an effect 
that depends on short E. coli lipopolysaccharide (LPS) structure. Moreover, 
unlike the effect of restricting food levels, the food type-dependent effect of 
nmur-1 on lifespan can be uncoupled from the nmur-1 effects on feeding 
rate, development and reproduction. 
 
Together our data suggest not only that sensory neurons recognize food 
types in affecting lifespan but also that the NMUR-1 neuropeptide signaling 
pathway is involved in this process. Furthermore, our study leads us to 
propose that the two forms of dietary influence on lifespan—food type-
dependence and food-level restriction—employ distinct, but perhaps 
overlapping, mechanisms. Thus, NMUR-1 appears to process information 
from specific food cues, like the E. coli LPS structure, to influence lifespan 
and other aspects of physiology. 
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SirT1 is a NAD+-dependent deacetylase that evokes a number of genetic 
programs to deal with changes in nutritional status of the cells and 
organisms. Abundance and activity of SirT1 had been shown to increase in 
response to calorie restriction in numerous tissues including many parts of 
the brain. Here we show that SirT1 activity influences behavior of the 
animals and in view of the described evolutionary model governs the 
survival strategy for species when nutrient availability is altered.  
We discovered that SirT1 activates transcription of mitochondrial enzyme, 
Monoamine Oxidase-A (Mao-A), both in vivo and in vitro. Altered Mao-A 
activity changes levels of serotonin and other biogenic amines in the brains 
of transgenic animals (Both SirT1 brain specific KOs and overexpressors). 
These changes are likely to be responsible for the altered behavior of 
animals since direct influence of Mao-A activity by pharmacological means 
evokes identical changes in animals behavior.  
We performed extensive biochemical and bioinformatics analysis of the 
Mao-A promoter and identified a novel brain-specific helix-loop-helix 
transcriptional factor Nhlh2, which links SirT1 to the transcriptional activity 
on Mao-A promoter. Using tandem mass-spectrometry we identified the 
only acetylated residue on the Nhlh2 - Lysine 49. K49 on Nhlh2 can be 
deacetylated by SirT1, and such deacetylation increases activity of Nhlh2 
on Mao-A promoter, directly linking SirT1 activity, Mao-A abundance, and 
specific behaviors of animals such as depression, anxiety, and exploratory 
drive.  
Our data provides mechanistic explanation for the newly discovered 
association between SNPs in SirT1 and Major Mood Disorders in humans. 
Additionally, the described mechanism elucidates the dietary influence on 
mood and behavior, as well as establishes a platform for development of 
novel antidepressant drugs.  
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Genome-wide expression studies from our lab have characterized changes 
in the human brain transcriptome across the adult lifespan. Surprisingly, 
among the most highly upregulated genes in the aging human brain are 
those in the hemoglobin family, including α- and β- globin. Although these 
genes are typically silenced in cells outside the erythroid lineage, we have 
confirmed the presence of hemoglobin in brain cells using several methods. 
Immunohistochemical studies indicate α- and β-globin proteins in neurons 
and microvascular endothelial cells of the human cortex. α- and β-globin 
mRNA is also enriched in these cells types as determined by laser capture 
microdissection of postmortem brain followed by quantitative real-time 
PCR. In vitro, primary human neurons as well as primary human brain 
microvascular endothelial cells express low baseline levels of hemoglobin 
which become upregulated 2-5 fold by stress stimuli including hypoxia (1% 
O2).  
Survival assays of cultured primary endothelial cells suggest that the 
presence of hemoglobin in brain cells may be cytoprotective. Lentiviral 
mediated knockdown of α-globin in primary human brain microvascular 
endothelial cells renders them more vulnerable to hypoxic stress. This raises 
the possibility that globin gene expression may be re-activated in human 
brain cells in response to stress. Given the known function of hemoglobin in 
erythroid cells, we speculate that the cytoprotective effects of hemoglobin 
may involve oxygen-binding, potentially facilitating oxygen delivery to 
mitochondria especially when oxygen is limiting. 
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Telomere dysfunction increases with organismal aging, age-related 
pathology in vivo, and with various promoters of cell senescence in vitro 
including genotoxic stress. Age-related bone loss is characterized by 
reduced bone formation (secondary to decreased osteoblast number and 
activity) in the setting of persistent bone resorption. We undertook genetic 
and non-genetic approaches to investigate the relationship between telomere 
maintenance and osteoblast (Ob) differentiation, as a way to uncover a 
possible link between a known mediator of cellular aging and senile bone 
loss. Using mouse models of disrupted telomere maintenance molecules, 
including mutants in the Werner helicase (Wrn-/-), fourth-generation (G4) 
telomerase (Terc-/-) as well as G4 Wrn-/- Terc-/- double mutants predisposed 
to accelerated bone loss, we measured telomere dysfunction-induced foci 
(TIFs) and markers of Ob differentiation in mesenchymal progenitor cells 
(MPCs). We found that telomere maintenance is directly and significantly 
related to Ob differentiation, with dysfunctional telomeres associated with 
impaired differentiation. First-generation (G1) Terc-/- mutants had fewer 
TIFs compared to G4 single or double mutants and the capacity for Ob 
differentiation remained intact. Reduced oxygen tension to reduce 
genotoxic stress (1% O2 with confirmed HIF1-� nuclear translocation) 
limits telomere dysfunction and enhances Ob differentiation. The effect of 
low oxygen tension in promoting Ob differentiation of MPCs was 
significant in those isolated from G4 Terc-/- and Wrn-/- Terc-/- mutants, 
where the percentages of dysfunctional telomeres were the highest. 
Interestingly, we found that telomere dysfunction impairs Ob differentiation 
of MPCs independent of proliferation state. These results suggest that one 
mechanism for age-related osteoporosis may be critical telomere 
dysfunction which limits MPC differentiation into bone-forming cells. 
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Cellular senescence is a state of irreversible cell growth arrest and thus 
suppresses tumorigenesis. Paradoxically, senescence inducers (such as 
tissue aging and activated oncogenes) are typically well known cancer risk 
factors. Here we report a novel cell-intrinsic mechanism that promotes 
senescence while predisposes cells to senescence bypass by allowing for 
secondary hits. We show that senescence inactivates the BRCA1 DNA 
repair complex by dissociating BRCA1 from chromatin. This event 
precedes senescence-associated cell cycle exit and coincides with the 
accumulation of DNA damage during senescence. Downregulation of 
BRIP1, a physiological partner of BRCA1, triggers BRCA1 chromatin 
dissociation. Conversely, ectopic BRIP1 rescues BRCA1 chromatin 
dissociation and suppresses senescence and its associated DNA damage 
accumulation. Significantly, cycling cells induced to undergo senescence do 
not exhibit a BRCA1-dependent DNA damage repair response when 
exposed to DNA damage, and DNA damage promotes senescence bypass. 
These data provide a molecular basis whereby senescence inducers select 
for mutations that bypass senescence and ultimately lead to cancer, and thus 
have important implications for our understanding of regulatory processes 
that control tissue aging and cancer.  
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Biology of aging is composed of complex intrinsic deterioration on vital 
organs. In the reproductive system of many female organisms, this is 
characterized as a process of reproductive senescence. The association 
between onset of reproductive senescence and organism aging has been 
observed in a variety of species. However the underlying mechanisms 
remain unclear. In our studies, we have searched for genetic regulators of 
reproductive senescence at the whole genome level. A group of genes were 
identified whose inactivation postpone reproductive cessation and extend 
reproductive duration in C. elegans. All these genes consistently reduce 
organism initial mortality rate when inactivated, suggesting late-onset 
reproductive senescence promoting healthspan. Further characterization of 
these genes classified new factors in insulin/IGF-1 signaling (IIS) and novel 
regulators independent of IIS, and revealed their converged effects on 
germline maintenance. Our first genomic analysis of reproductive 
senescence may shed lights on the fundamental mechanisms of adult organ 
aging and organism longevity. 
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Cellular aging is known to correlate with the accumulation of many harmful 
agents, but can aging also result from deterioration of certain poorly-
renewed beneficial components? Here we found that a group of plasma 
membrane-associated transporters, belonging to the multidrug resistance 
(MDR) protein families, may represent the latter type aging determinants. 
These proteins are deposited before the birth of a virgin yeast cell. During 
the subsequent division of this cell, the original protein population remains 
tightly associated with the mother cortex, while the newly synthesized 
transporter proteins are deposited mostly into the bud. Thus, the new and 
old pools of membrane-bound MDR proteins are spatially segregated during 
yeast asymmetric cell division with the older pool stably inherited by the 
aging mother. A model based on the observed dynamics of MDR protein 
inheritance and turnover predicted a decline in MDR activity as the mother 
cell advances in replicative age. As MDR proteins play crucial roles in 
cellular metabolism, detoxification and stress response, their collective 
decline may lead to fitness loss at an advance age. Supporting this 
hypothesis, mutants lacking certain MDR genes exhibited a reduced 
replicative lifespan (RLS), while introduction of only one extra copy of 
these MDR genes extended RLS. 
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Skeletal muscle stem cell activity declines with age, resulting in progressive 
loss of regenerative potential and repair after injury. In this study, we used 
cell surface markers to purify a distinct population of skeletal muscle 
precursor (SMP) cells that reside in the satellite cell pool and function as 
adult muscle stem cells. SMPs isolated from aged (2yr) C57BL/Ka mice 
exhibited impaired myogenic activity and an altered gene expression profile 
characterized particularly by increased elaboration of chemokines, 
complement components and extracellular matrix proteins. Intriguingly, 
SMPs purified from aged mice exposed to a youthful blood circulatory 
system via heterochronic parabiosis showed a striking enhancement of 
myogenic function, with frequencies of myogenic colony formation similar 
to SMPs isolated from young mice. This apparent restoration of function in 
aged SMPs from heterochronic pairs was accompanied by discrete changes 
in SMP gene expression, allowing us to identify a set of ~100 genes whose 
expression is altered in aged SMPs but restored to youthful levels following 
heterochronic parabiosis. This gene set represents a novel “rejuvenation 
signature” and identifies new pathways that may regulate age-related 
changes in muscle stem cell function and holds significant promise for 
developing therapies to prevent or delay the muscle wasting and repair 
defects that typically occur with age. 
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Dietary restriction (DR) is one of the most robust methods of extending 
lifespan and postponing age-related diseases in various species. Changes in 
fat content have been associated with DR, but the precise role that altered 
fat metabolism plays in mediating lifespan changes remains unknown. We 
demonstrate that upon DR, Drosophila melanogaster undergoes a metabolic 
shift towards increased fat synthesis and utilization. This shift towards 
enhanced triglyceride turnover is critical for aging as knockdown of acetyl 
CoA carboxylase (ACC), inhibits both the shift in fat metabolism and 
lifespan extension observed upon DR. Furthermore, inhibition of ACC was 
able to reverse the DR-associated transcriptional changes in muscle function 
and an increase in non exercise activity (NEXA) of flies. Inhibition of ACC 
specifically in muscles prevented the lifespan extension observed upon DR. 
We propose that enhanced fat metabolism in muscles is a key metabolic 
adaptation that mediates the protective effects of DR. 
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We have recently proposed a novel concept for the systemic regulation of 
metabolism and aging in mammals, named "NAD World", based on our 
studies. Nicotinamide phosphoribosyltransferase (NAMPT)-mediated 
NAD+ biosynthesis and the NAD+-dependent deacetylase SIRT1 are two 
critical components that comprise the NAD World. Conceptually, NAMPT-
mediated NAD+ biosynthesis functions as a driver that keeps up the pace of 
metabolism through the fine-tuning of SIRT1 activity, and SIRT1 functions 
as a key downstream mediator that controls physiological responses to 
alterations in NAD+ levels in a variety of tissues. Consistent with this idea, 
we have recently discovered that NAMPT-mediated NAD+ biosynthesis 
drives a novel circadian clock feedback cycle through SIRT1 and 
CLOCK:BMAL1, thus demonstrating an interesting connection between 
circadian rhythm, metabolism, and aging (Ramsey, Yoshino, Brace, et al. 
Science, 324:651-4, 2009). These findings have prompted us to further 
elucidate the significance of NAMPT-mediated NAD+ biosynthesis in the 
pathophysiology of aging process and age-associated diseases.  
We have found that whereas NAMPT protein and NAD+ levels are 
significantly increased by diet restriction, NAMPT-mediated NAD+ 
biosynthesis is reduced in the metabolic organs of high fat diet (HF)-
induced diabetic mice. Administration of nicotinamide mononucleotide 
(NMN), a product of the NAMPT enzymatic reaction, dramatically 
ameliorates defects in NAD+ biosynthesis and improves glucose tolerance, 
hepatic insulin sensitivity, and lipid profiles in HF-induced diabetic mice. 
Furthermore, our microarray analysis shows that responses to inflammation 
and oxidative stress are significantly improved in NMN-treated livers, and 
that one of the major molecular targets in NMN treatment seems to be 
SIRT1. Consistent with this notion, the acetylation levels of hepatic NF-κB 
p65 are increased by HF and attenuated by NMN treatment. Strikingly, we 
have also found that NMN administration improves glucose tolerance in 
age-associated naturally occurred diabetic mice. These findings suggest that 
NAMPT-mediated NAD+ biosynthesis plays a critical role in the system 
dynamics of the NAD World, through at least in part, the activation of 
SIRT1. Clinical implications and possible therapeutic applications will be 
discussed. 
(*These people are equally contributed to this work) 
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Juvenile hormones (JH) produced in corpora allata (CA) are involved in 
variety of biological processes, including insect metamorphosis, 
reproduction and lifespan. JH has been implicated as a regulator of adult 
lifespan and reproduction in several insect models. In our previous study, 
we genetically ablated CA (CAKO) in Drosophila melanogaster by extopic 
expression of nuclear inhibitor or protein phosphatase type 1 (NIPP1) in CA 
cells. The CAKO flies have reduced level of total JH and extended lifespan 
that is independent to reproduction. To understand the molecular 
mechanism by which CAKO flies extend their lifespan, we performed a 
microarray analysis and discovered 654 genes with altered expression 
profiles (Fold change > 1.1, P < 0.05). Interestingly, about 22% altered 
genes are gut-specific expressed, including several serine-type 
endopeptidases. Following these observations we find that aged CAKO flies 
maintained a normal rate of food uptake, unlike in aged wild-type where 
food uptake is dramatically reduced. As well, aged CAKO flies showed less 
proliferation of intestinal stem cells (ISC) when compared to wild-type 
flies. These results suggest that reduction of JH may inhibit age-induced 
ISC proliferation and foster functional maintenance of stem cell in adult 
gut, which may in turn confer improved survival. 
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Studies using whole-genome transcriptional profiling have identified 
thousands of genes that are changed in expression with age. However, many 
of these age-related changes are not universal, but instead are specific to the 
genetic background of the organism being studied. Thus, there is great 
interest in identifying robust biomarkers of age across multiple 
experimental models that are applicable to human aging. 
 
We used gene expression profiling to identify transcripts that were 
consistently changed in expression with age (5 vs. 28-30 months old) in 
seven mouse strains. Following RT-qPCR confirmation of the microarray 
data, 10-15 genes were identified as robust transcriptional biomarkers 
(depending on the tissue). There was minimal overlap among tissues, 
suggesting that aging at the individual gene level is tissue-specific. These 
panels of genes are being used as screening tools to determine the extent to 
which calorie restriction (CR) and natural compounds oppose the aging 
process. 
 35 
IDENTIFICATION OF MIRNA EXPRESSION IN THE TELEOST 
BRAIN: CONSERVED CHANGES DURING AGEING BETWEEN THE 
SHORT-LIVED FISH NOTHOBRANCHIUS FURZERI AND DANIO 
RERIO 
 
Mario Baumgart1, Marco Groth2, Nils Hartmann3, Christoph Englert3, Matthias 
Platzer2, Alessandro Cellerino1,4  
 
1Leibniz Institute for Age Research, Biology of Ageing, Jena, 07745, Germany, 
2Leibniz Institute for Age Research, Genome analysis, Jena, 07745, Germany, 
3Leibniz Institute for Age Research, Molecular genetics, Jena, 07745, Germany, 
4Scuola Normale Superiore, Neurobiology, Pisa, 56100, Italy 
 
MicroRNAs (miRNAs) represent an abundant and highly conserved family of 
endogenous single-stranded small RNA molecules of approximately 20–25 
nucleotides in length. Recent studies have suggested that miRNAs are important 
regulators of a variety of cellular processes including cell proliferation, survival, 
differentiation and replicative sensescence. miRNAs are incorporate into the 
miRNA-induced silencing complex (RISC). This complex typically negatively 
regulates gene expression through mRNA degradation, translation inhibition or 
by performing both functions. Extensive research in Caenorhabditis elegans has 
uncovered a role for miRNAs in controlling lifespan. In addition, changes in 
miRNA expression occur with aging in the mouse liver and brain.  
 
We used miRNA sequencing with the Illumina GAIIx to analyze the miRNA 
expression during ageing in the brain of the emerging model organism 
Nothobranchius furzeri (turquoise killifish) and the established model organism 
Danio rerio (zebrafish). These two species belong to different orders – 
Atherinomorpha and Otophysi – which are evolutionary separated since more 
than 60 million years. The annual killifish N. furzeri has a very short lifespan. 
The inbred line GRZ can reach an age of 3.5 months and the wild-derived strain 
MZM 04-10 can live up to 10 months. Therefore these strains are very well 
suited for comparative studies of ageing.  
 
Our first results show, that we are able to identify and quantify about 160 
miRNAs in the brain of N. furzeri using miRNA sequences from other 
vertebrate species as reference. For comparison of our annotation procedure we 
used the same reference for identification of expressed miRNAs in the brain of 
D. rerio and detected about 215 miRNAs. The data show that we can annotate 
the majority of brain miRNAs from N. furzeri without comprehensive 
information on genome sequence. Furthermore, we could identify a set of 
miRNAs that are differentially expressed during ageing in the brain of both 
species and could validate these expression changes by quantitative real-time 
PCR. These data suggest that miRNA expression patterns change with lifespan 
and that miRNAs may be involved in the ageing process, probably by affecting 
conserved pathways. 
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Sirtuins are a family of NAD-dependent protein deacetylases that are 
conserved from bacteria to humans. There are seven mammalian sirtuins 
(SIRT1 - SIRT7) that contain conserved catalytic and NAD-binding 
domains but have variable amino- and carboxyl-terminal extensions 
contributing to their diverse subcellular localization, catalytic activity, and 
substrate specificity. Three sirtuins, SIRT3, SIRT4 and SIRT5 are located 
primarily in mitochondria, which are critical for energy production. 
Increasing evidence suggest a key role for mitochondrial dysfunction during 
aging-related diseases such as neurodegenerative disorders, diabetes, and 
cancer. It is well established that a number of mitochondrial proteins are 
acetylated and thus may be regulated by the mitochondrial sirtuins. Our 
studies focus on the mitochondrial sirtuin SIRT4 that lacks deacetylase 
activity but instead demonstrates ADP-ribosyl-transferase activity which is 
thought to inhibit enzyme activity in general. Our aim is to investigate how 
SIRT4 regulates mitochondrial metabolism. 
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Disruption of telomere maintenance pathways leads to accelerated cellular 
senescence and shortened lifespan, suggesting that telomeres play a role in 
organismal aging. Budding yeast Stn1 (yStn1), performs multiple and 
complex functions in telomere-length maintenance, -function, and -
replication. By both protecting terminal telomeric DNA and negatively 
regulating telomerase action on telomeres, yStn1 regulates synthesis of the 
telomeric G rich-strand. In addition, yStn1 coordinates DNA replication of 
the telomeric C-strand through interactions with DNA polymerase alpha. 
Based on it’s structural similarity to a subunit of the mammalian single 
strand DNA protein complex RPA, an essential factor for chromosomal 
DNA replication and repair, it is possible that yStn1 performs these 
functions in a manner that involves stabilizing single stranded telomeric 
DNA.  
The functions of human Stn1 (hStn1) are less well understood. Although the 
protein localizes to some telomeres throughout the cell cycle, and binds to 
single standed telomeric DNA, previous studies demonstrated that 
knockdown of hStn1 in human cancer cells did not affect cell growth, total 
telomere length, or telomere function. In contrast, here we demonstrate that 
disruption of hStn1 function by overexpression of hStn1 mutants, or shRNA 
mediated knockdown, resulted in cell growth defects, formation of telomere 
dysfunction induced DNA damage foci (TIF), and accelerated entry into 
senescence in normal human somatic cells. hTERT expression altered the 
responses to hStn1 knockdown suggesting that telomerase can compensate 
for Snt1 loss under certain conditions. Increased oxidative stress 
dramatically enhanced the effects of hStn1 knockdown, indicating a role for 
hStn1 in protecting telomeres from defects caused by oxidative damage. 
Our study suggests that OBFC1 plays a critical role in telomere function 
and cellular senescence in normal somatic human cells, providing new 
insights into aging-related disorders linked to altered telomere dynamics.  
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All life must coordinate the activity of the millions of molecules that make 
up even a single cell. This information-processing task is a distributed 
communication that can be described by the level of meaningful 
information (signal) versus the level of random fluctuations (noise). Failure 
of this communication results in death. We model damage accumulation as 
a decline in the signal and relate this decline to death risk. This model 
explains a variety of mortality curve shapes including the classic 
exponential rise in mortality with age, for which probability of death is 
equivalent to the bit error rate of a digital communication system. It also 
predicts a start time for aging in worms and humans that corresponds to 
reproductive maturity. Furthermore, it reveals that interventions like dietary 
restriction can, in some models, reversibly lower mortality rates without 
affecting aging, even while modifying maximum lifespan. Finally, the 
model predicts that human mortality differences across countries may 
reflect differences in noise levels, not aging, that aging begins later in harsh 
environments, and that a later onset of aging in women may account for half 
the gender difference in lifespan. 
 39 
A KRÜPPEL-LIKE FACTOR IN C. ELEGANS WITH AN ESSENTIAL 
ROLE IN DIET-RESTRICTION INDUCED LONGEVITY. 
 
Andrea C Carrano1, Andrew Dillin*1,2, Tony Hunter*1  
 
1The Salk Institute for Biological Studies, Molecular and Cell Biology 
Laboratory, La Jolla, CA, 92037, 2The Howard Hughes Medical Institute, 
and The Glenn Center for Aging Research, La Jolla, CA, 92037 
 
*Corresponding authors 
 
The HECT ubiquitin E3 ligase WWP-1 is a positive regulator of lifespan in 
C. elegans in response to dietary restriction (DR)1. However, the 
mechanism by which this ligase functions in DR longevity has not been 
identified. Mammalian orthologues of WWP-1 have known substrates and it 
is possible that one (or more) of these substrates may be a target that 
regulates longevity. A screen of C. elegans orthologues of the mammalian 
substrates revealed that RNAi knockdown of a single Krüppel-like factor 
(klf-1) during adulthood was capable of suppressing the long lifespan of 
animals with decreased feeding rates (eat-2 mutant animals). klf-1 encodes a 
C2H2 zinc finger protein, which, based on homology, belongs to the family 
of mammalian Krüppel-like transcription factors which are involved in 
regulation of cellular proliferation, differentiation and development. The 
role of KLF-1 in regulating DR longevity in C. elegans is specific, as the 
lifespans of WT or Ins/IGF-1 mutant animals were not affected with loss of 
klf-1. In addition, RNAi depletion of other Krüppel-like transcription factors 
during adulthood did not shorten the lifespan of eat-2 mutants. Mammalian 
WWP-1 has been shown to target KLF2 and KLF5 for ubiquitylation. Our 
results support a functional interaction between WWP-1 and KLF-1, as they 
are both localized and act in the intestine to regulate DR-induced longevity. 
Finally, knockdown of klf-1 is able to suppress the extended lifespan of 
wwp-1 overexpressing animals. Our data thus far support a role for KLF-1 
as a key mediator of DR-induced longevity and a potential substrate of 
WWP-1.  
 
 
1 Carrano, A.C., Liu, Z., Dillin, A., & Hunter, T., A conserved 
ubiquitination pathway determines longevity in response to diet restriction. 
Nature 460 (7253), 396-399 (2009). 
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Calorie restriction and leanness are known to prolong lifespan in many 
organisms, from yeast to mammals. Adipose tissue plays a pivotal role in 
response to calorie restriction, as adipose energy depots are the first to be 
affected by this regimen. Sirtuin 1 (SIRT1), the mammalian ortholog of the 
yeast NAD+-dependent deacetylase SIR2 is believed to mediate the 
beneficial effects of calorie restriction in many eukaryotes. SIRT1 is 
abundantly expressed in adipose tissue and its levels are induced by calorie 
restriction and conversely reduced in obesity.  
 
To address the role of SIRT1 in adipose tissue function in vivo we disrupted 
the SIRT1 gene specifically in differentiated adipocytes, using the cre/loxP 
system. Knockout mice accumulate more of white adipose tissue which 
consists of enlarged adipocytes. Moreover, knockout mice become more 
obese and insulin resistant with high fat feeding compared to littermate 
controls. Gene expression analysis revealed that absence of SIRT1 from 
adipose tissue of mice in chow diet causes alterations in gene expression 
pattern that largely overlap with that of WT mice fed high fat diet. We are 
currently investigating the molecular mechanism involved in SIRT1 
function in adipose tissue. 
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Neurosensory systems and neuroendocrine signaling transduce nutrient 
signals and modulate organismal function to regulate aging, but the 
underlying mechanisms are poorly understood. We hypothesize that 
neurosensory inputs signal through neuroendocrine systems to modulate 
organismal physiology and lifespan. Recent advances in sensory perception 
in flies have revealed that specific receptors are important for detection of 
sweet (i.e., Gr5a, Gr64a) and bitter (i.e., Gr66a) taste modalities. The 
development of new heterologous systems and gustatory receptor mutants 
has allowed us to study the effects of activating or silencing gustatory 
signals on fly physiology and aging. We found that specific taste signals 
modulate metabolism, reproduction, behavior, and lifespan. Current studies 
are focused on elucidating the underlying molecular mechanisms. 
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Adipose tissue is the major site for energy homeostasis and thermogenesis 
in mammals. Two types of adipose tissues: White adipose tissue (WAT) is 
for energy storage; brown adipose tissue (BAT) is for energy expenditure, 
heat production and regulation of adaptive thermogenesis and maintenance 
of core temperature in mammals. Recently we have demonstrated that the 
Cisd2 gene, which encodes a mitochondrial outer membrane protein, is 
involved in mammalian life span control. Our mouse genetics study 
revealed that Cisd2 deficiency leads to mitochondrial disintegration and 
dysfunction; consequently, this seems to affect adaptive thermogenesis and 
delay adipogenesis of BAT in Cisd2-/- mice. Importantly, the body 
temperature of Cisd2-/- mice was significantly lower at around 8-week old; 
this phenotype exacerbates with age and the mass of interscapular BAT in 
the Cisd2-/- mice were gradually decreased along with aging process. Our 
TEM ultra-structural examination revealed obvious abnormalities of BAT 
mitochondria in the Cisd2-/- mice; these abnormalities include a decrease in 
the mitochondrial number, and a defect in the mitochondrial morphology 
with loosed organization. In addition, aberrant gene expression of 
mitochondrial fission (Fis1) and fusion (Mfn1 and Mfn2) markers was 
detected in the Cisd2-/- BAT. These mitochondrial deficiencies may explain 
the observed phenotypic defects of thermogenesis and adipogenesis in the 
Cisd2-/- mice. Together, our results suggest that Cisd2 is a pivotal protein 
essential for thermo-regulation in mammals. We are currently investigating 
the molecular mechanism to gain an insight into the role of Cisd2 in the 
differentiation and maintenance of adipocytes of BAT, as well as thermo-
regulation of mammalian core temperature. 
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Recent studies indicate the existence of tumorigenesis barriers that slow or 
inhibit the progression of precancerous lesions to tumor formation. One 
such barrier involves oncogene-induced senescence as a consequence of 
DNA damage checkpoints, such as p53. The progression of precancerous 
lesions critically depends on p53 function. Interestingly, senescent cells 
develop a complex senescent-associated secretory phenotype (SASP), 
which includes an increased production of a number of pro-inflammatory 
cytokines such as interleukin 6 (IL-6) and interleukin 1 (IL-1). Our 
hypothesis is that senescence acts as a p53-dependent tumorigenesis barrier 
in part by rendering senescent cells immunogenic. However, the p53-
dependent immunomodulatory genes expressed by senescent cells have not 
yet been identified. Our data suggest that the expression of intercellular 
adhesion molecule 1 (ICAM-1) and interleukin 1 receptor, type I (IL-1R), 
but not IL-1, depend on p53. Interestingly, the IL-1R antagonist expression 
increases in senescent cells. We have found no evidence that other genes 
associated with SASP are controlled by p53. In summary, our data indicate 
that the p53-dependent tumor barrier may depend, at least in part, on the 
ability of cells to respond to IL-1. 
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The reactive oxygen species (ROS) hydrogen peroxide (H2O2) is central to 
mitochondrial oxidative damage and redox signalling. However the 
physiological roles and consequences of mitochondrial ROS in vivo are still 
poorly understood, because their concentration within intact living 
organisms could not previously be measured directly.  
 
We have therefore developed a novel mitochondria-targeted ratiometric 
mass spectrometry probe to assess H2O2 levels in vivo. Using this technique, 
we have successfully measured mitochondrial H2O2 in living flies, worms 
and mice. 
 
Focusing on the fly model, we have studied changes in H2O2 levels in vivo 
during ageing, and investigated the effects of interventions that modulate 
lifespan, such as dietary restriction and physical activity. These findings 
provide important information on the role of mitochondrial ROS in the 
ageing process. 
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In the developed world, the average human lifespan has significantly 
increased over the last century, exceeding 80 years of age in some nations. 
This increase in longevity has provided the opportunity to investigate age-
associated pathologies that are seemingly uncomplicated by chronic disease 
such as sarcopenia, hypercholesterolemia, and diminished organ function. 
Relatively little is known about the biochemistry underlying these 
progressive declines. In an examination of the aging process, metabolomic 
profiling was carried out in grossly normal, untreated male C57BL/6JCrl 
mice at 4, 16, and 25 months of age for plasma, liver, brain, heart, tibialis 
anterior and gastrocnemius tissues. Animal ages were selected to represent a 
continuum of life phase equivalencies approximating that of young mature 
human adults (20-30 years old), middle aged adults (35-45 years old), and 
old adults (65-75 years old). By 16 months of age, mice exhibited 
diminished hepatic NAD(+) storage, with cascading systemic effects on 
NAD(+)-dependent biochemistry. Particularly apparent were reductions in 
tissue abundance of several NAD(+)-dependent biochemicals (notably 
betaine, β-alanine and hypotaurine). It is known that NAD(+) plays a central 
role in energy metabolism and inflammation, and facilitates the activity of 
sirtuins. In addition to cofactor depletion, several tissues showed 
biochemical signs of adipocyte infiltration, especially the liver and skeletal 
muscle. Circulating and tissue specific increases in lactate were revealed in 
aged animals, concomitant with an apparent shift in energy generation from 
glycolysis and beta-oxidation to amino acid catabolism, as well as altered 
free fatty acid abundances. Bile acid levels were reduced with increased age 
across all biofluids and tissues, especially in the liver, the major source of 
bile acid synthesis. Maintenance of NAD(+) and inhibition of adipogenesis 
and adipocyte growth appear to be two key targets for prolonging tissue 
health during aging. 
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The proteasomal degradation pathway is essential for many cellular 
processes (e.g. cell cycle, regulation of gene expression, response to 
oxidative stress). One of the roles of proteasome is degradation of damaged 
and misfolded proteins. It is known that accumulation of damaged proteins 
is one of the main signs of an ageing organism and that many forms of 
damaged proteins such as aggregates cannot be processed by the 
proteasome.  
 
We have developed a mathematical model, described by set of ordinary 
differential equations (ODE) to explain the role of aggregate formation and 
accumulation in yeast. The model is designed for single cell analysis: 
following the virgin cell trough her replicative life. We simulated the 
budding yeast cell, with different rates of protein damage and aggregate 
production and with different coefficients for retention of damaged proteins 
by the mother cell (the distribution of damaged proteins during the budding 
is asymmetrical in vivo). This gives us the possibility to compare cells of 
different age and with different levels of folded/misfolded proteins and their 
effect on cell’s replicative lifespan.  
 
Our results indicate that the overall increase in the fitness of yeast 
population is due to the aggregates produced from the native proteins. This 
increase can be achieved trough ‘long lived’ daughter lineages, which 
suggests that senescence factors are indeed retained in the mother cells. To 
confirm this we performed an extensive analysis under a vast number of 
different parameters (damage/aggregate production, retention and cell size) 
to obtain the clusters of live/dead cells. The results imply the importance of 
segregation of aggregated and damaged proteins in mother cells and predict 
that clonal senescence under very high production rates of aggregated 
proteins can be prevented if the retention of damage can be controlled. The 
trade-off for this beneficial effect of damage retention on clonal senescence 
is mother-specific aging at progressively lower damage rates. 
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In Saccharomyces cerevisiae, CR results in an 30-40% increase in life span 
by reducing the glucose concentration from 2% to 0.05%. CR responses on 
chromatin by affecting chromatin structure, gene expression and DNA 
repair. In our recent work, we performed a screening, searching for 
chromatin modification genes that affect the replicative life span (RLS). 
Interestingly, deletion of the histone and other protein acetyltransferase 2 
(HPA2) significantly increases the RLS, while overexpression of HPA2 
causes RLS shortening. Further genetic epistasis analysis reveals that hpa2Δ 
fails to further increase the life span in CR background, suggesting that 
Hpa2 is the target of CR. As expected, hpa2mutant also fails to further 
increase the life span inΔ hxk2mutant which is a genetic model of CR. 
Accordingly,Δ tor1Δhpa2double mutant does not further extend the life 
span, suggesting that HPA2 acts in the nutrient-responsive TOR pathway. 
Thus, HPA2 is a novel lifespan determinant in budding yeast.Δ 
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The evolutionarily conserved insulin/insulin-like growth factor 1 signaling 
(IIS) pathway has been associated with lifespan regulation in many different 
organisms. Several studies reported associations between genetic variation 
in genes from the IIS pathway and human lifespan. However, these studies 
only investigated the effect of single SNPs. Since we expect that lifespan 
will be affected by many small genetic effects, which will not show up in a 
single SNP analysis, we performed a pathway analysis followed by a single 
gene analysis.  
For our analyses we made use of genome wide association study (GWAS) 
data of familial long-lived cases (n = 403 nonagenarian siblings, mean age 
93 years) from the Leiden Longevity Study (LLS) and population controls 
from the Rotterdam Study (RS) (n = 1731, mean age 58 years). We selected 
SNPs within a 10 Kb window around the IIS pathway genes. In total 1090 
SNPs within 72 genes were selected.  
The IIS gene set was tested for association with longevity using the 
Globaltest methodology (Goeman et al., 2004; Goeman and Oosting, 2008). 
This analysis allows testing the influence of the whole gene set on longevity 
without the intermediary of single SNP testing, while taking inter-SNP 
correlations into account. Additionally, SNP sets within single genes were 
tested for their association with longevity to determine the genes with the 
largest effects of genetic variation on longevity.  
As expected, in a single SNP analysis none of the SNPs showed a 
significant association with longevity. However, the IIS gene set analysis 
showed a significant association (p = 4.91 x 10-4) of the IIS pathway with 
longevity. The single gene analysis suggested that this association is 
essentially determined by 11 genes of which PIK3CA and AKT1 showed the 
strongest association.  
These results suggest that the IIS pathway is involved in familial longevity 
and that genetic variation in PIK3CA and AKT1 seems to be particularly 
important. Currently, we are investigating the mechanism by which the IIS 
pathway affects longevity.  
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Aging is characterized by the progressive decline in muscle strength and 
function that provides the basis for increased disabilities in the elderly. A 
number of different mechanisms of etiology have been proposed, but their 
relevance to muscle aging is still unclear. The fruit fly Drosophila 
melanogaster is an excellent model to study this condition. Many of the 
features of human muscle aging are recapitulated in this system, which is 
amenable to extensive genetic manipulations. By using this model 
organism, we have searched for novel molecular mechanisms responsible 
for muscle aging and found that decreased protein quality control plays a 
key role in the pathogenesis of age-related muscle weakness. Interestingly, 
increased activity of the transcription factor FOXO is sufficient to delay this 
process and preserve muscle function, as exemplified by preservation of 
climbing and flying abilities of old flies overexpressing foxo in muscles. 
FOXO exerts this action at least in part by regulating the expression of 
chaperones involved in protein folding and by promoting the clearance of 
damaged proteins. Altogether, our study highlights a role for FOXO and 
protein quality control in the etiology of muscle aging, which may provide 
the basis for therapeutic applications in humans. 
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Alzheimer’s disease affects 5.3 million Americans and is the fifth leading 
cause of death above the age of 65 years. Rare familial mutations and 
duplications in the amyloid precursor protein (APP) are linked to 
Alzheimer’s disease. The function of APP during aging is still unknown. 
Overexpression of APP in mice shortens their lifespan. However, because 
mammals have two functionally redundant proteins (APLP1 and APLP2) 
with APP, the pathway in which higher levels of APP induce a shortened 
lifespan is unclear. C. elegans produces only one APP-related protein 
(APL-1) that has high sequence homology to the APP family. Depending on 
where it is expressed, overexpression of APL-1 can shorten or lengthen 
mean lifespan in C. elegans. For instance, overexpression of APL-1 driven 
by its endogenous promoter or by a pan-neuronal promoter (rab-3) 
shortened lifespan. Furthermore, overexpression of only the extracellular 
domain of APL-1 (APL-1EXT) with its endogenous promoter was 
sufficient to shorten lifespan. By contrast, overexpression of APL-1 or 
APL-1EXT by the snb-1 promoter, which is widely expressed, including in 
all neurons and the somatic gonad, increased the animal’s lifespan by 20-
25%; this increased lifespan is mediated via the DAF-16/FOXO 
transcription factor (a main regulator of lifespan and insulin signaling) and 
DAF-12 nuclear hormone receptor. Laser ablation of the gonadal precursors 
Z1-Z4 abolished the snb-1 driven APL-1 longevity, suggesting that, as in 
previous reports, the enhanced longevity is dependent on signals from the 
gonad. In addition to longevity effects, endogenously driven APL-1 or 
APL-1EXT overexpression caused several other phenotypes, such as 
shortening of body size, egg-laying rate and slowing of developmental 
progression; these phenotypes were also mediated through daf-16 and daf-
12 activity. In vivo monitoring of DAF-16 localization under stress 
conditions revealed that endogenously driven APL-1 slows, whereas snb-1 
driven APL-1 accelerates DAF-16 nuclear translocation. Our results suggest 
that apl-1 genetically interacts with daf-16 and daf-12 to influence 
metabolic processes and lifespan. A similar molecular link of APP and the 
DAF-16/FOXO transcription factors could exist in mammals. 
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Oxidatively damaged proteins accumulate with age in many species 
(Stadtman 1992), meaning that damage must be reset at the time of 
reproduction. To visualize this resetting in the roundworm, Caenorhabditis 
elegans, we developed a novel immuno-fluorescent technique that allows 
the detection of carbonylated proteins in situ. Applying this technique, we 
report that carbonylated proteins are reset when C. elegans reproduces. This 
resetting occurs within the germline in an abrupt way at the time of oocyte 
maturation. Contrary to most predictions, we also observe that the germline 
is markedly more oxidized than surrounding somatic tissues. Because 
distinct mechanisms have been proposed to explain damage elimination in 
both yeast and mice (Aguilaniu et al. 2003; Hernebring et al. 2006), we set 
out to test whether worms shared a common mechanism with one of these 
systems. We show that, unlike in yeast (Aguilaniu et al. 2003; Erjavec et al. 
2008), the elimination of carbonylated proteins in worms does not require 
the presence of the longevity-insuring gene, SIR-2.1. However, similarly to 
what has been proposed in mice (Hernebring et al. 2006), we show that the 
activity of the proteasome in the germline is required for resetting 
carbonylated proteins during reproduction in C. elegans. Thus, oxidatively 
damaged proteins are eliminated during reproduction in worms through the 
proteasome. This finding suggests that the resetting of damaged proteins 
during reproduction is conserved, therefore validating the use of C. elegans 
as a valid model to study the molecular basis of damage elimination. 
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Preventing Germline Stem Cell proliferation extends lifespan in nematodes 
and flies. So far, studies on germline longevity signaling have focused on 
DAF-16/FOXO and DAF-12. Here, we show that the nuclear receptor 
NHR-80/HNF4 specifically mediates lifespan extension through depletion 
of the germline through a new mechanism that implicates fatty acid 
monodesaturation. Our data indicate that NHR-80/HNF4 plays a key role in 
germline longevity: it is induced and activated in animals lacking a 
germline and is specifically required for their extended longevity. In 
addition, over-expressing NHR-80/HNF4 further increases the lifespan of 
germline-less animals and this lifespan extension can occur in the absence 
of DAF-16/FOXO but requires the presence of the nuclear receptor DAF-
12.  
We also show that the fatty acid desaturase FAT-6/SCD1 is a key target of 
NHR-80/HNF4 that also promotes germline-longevity by desaturating 
stearic acid to oleic acid (OA). Interestingly, we find that NHR-80/HNF4 
and OA must work in concert to promote longevity. Taken together, our 
results make us favor a model where OA and NHR-80/HNF4 interact 
directly to promote longevity in a germline-less context. 
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Mitochondria are considered to play a major role during ageing. Besides the 
production of reactive oxygen species, mitochondria are thought to 
contribute to ageing through the accumulation of mitochondrial DNA 
(mtDNA) mutations and deletions. Here we have analysed the role of 
mtDNA in the teleost fish Nothobranchius furzeri (Turquoise killifish) 
during ageing. N. furzeri has a lifespan of only 3 – 8 months depending on 
the strain and thus exhibits the shortest known lifespan of a vertebrate that 
can be kept in captivity. 
We sequenced the complete mitochondrial genome of N. furzeri and 
obtained a total length of 19 527 bp. Sequence analysis revealed that the 
control region is considerably extended in comparison to other teleost fish 
and vertebrate species and contains two identical sequence blocks of 
approximately 1 kb separated by 1.1 kb. We searched for age-dependent 
mitochondrial deletions using real-time and long-range PCR, but we found 
no evidence for the presence of any mitochondrial deletions in N. furzeri. 
The analysis of the mtDNA copy number of young and old N. furzeri 
revealed a significant decrease of the copy number in muscle and skin with 
age. We could confirm this age-dependent decrease by following up the 
mtDNA copy number in fin clips of individual fish.  
Furthermore, we compared gene expression levels between young and old 
fish using real-time PCR. Whereas most analysed genes such as Insr, 
Foxo3a and Sirt1 were not differently expressed with age, we found the 
expression of Pgc-1α to be significantly decreased with age. Pgc-1α is a 
transcriptional co-activator of mitochondrial biogenesis and the Pgc-1α 
target genes Tfam and mtSsbp that encode mtDNA binding factors were also 
significantly down-regulated with age in muscle and skin, respectively.  
To further investigate whether mitochondrial function is altered with age, 
we measured respiratory chain activity in isolated mitochondria from young 
and old muscle tissue. We detected a significant reduction in ADP-
dependent and succinate-dependent respiration with age. Altogether, our 
findings indicate that loss of mtDNA and reduced mitochondrial function 
are associated with extraordinary fast ageing of N. furzeri. 
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The FoxO transcription factor DAF-16 regulates a wide range of organismal 
functions: it is involved in C. elegans development and reproduction, in 
stress response and life span regulation. Association of DAF-16 with 
diverse binding partners might be crucial for mediating these heterogeneous 
functions (1-4). To identify DAF-16 regulators we established a 
biochemical approach for the purification of DAF-16 associated proteins. 
DAF-16 was fused to various epitop-tags. On the basis of a reporter assay it 
was analyzed whether the tagged DAF-16 versions were transcriptionally 
active and a dauer assay was used to test for their physiological activity in 
worms. A functional tagged DAF-16 variant was used for the generation of 
transgenic worms. DAF-16 protein complexes were isolated by tandem 
affinity purification and potential DAF-16 binding partners were identified 
by tandem mass-spectrometry (MudPIT). In an additional, reporter based 
screen DAF-16 co-regulators are currently validated and their potential 
roles in dauer formation, stress resistance and longevity are currently being 
pursued. We will discuss their identity and potential functions in 
insulin/IGF-1 signaling. 
 
(1): Essers, MA. et al., Science. 2005; 308(5725): 1181-1184 
(2): Wolff, S. et al., Cell. 2006; 124(5): 1039-1053 
(3): Berdichevsky, A. et al., Cell. 2006; 125(6): 1165-1177 
(4): Li, J. et al., PLoS Biol. 2008; 6(9): 1870-1886 
 
This work was supported in part by the Austrian Science Fund (FWF, grant 
J2734) and by a grant from the NIH. 
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In Caenorhabditis elegans, longevity is increased by a partial loss-of-
function mutation in the mitochondrial complex III subunit gene isp-1. 
Longevity is also increased by RNAi against the expression of a variety of 
mitochondrial respiratory chain genes, including isp-1, but it is unknown 
whether the isp-1(qm150) mutation and the RNAi treatments trigger the 
same underlying mechanisms of longevity. We have identified nuo-
6(qm200), a mutation in a conserved subunit of mitochondrial complex I 
(NDUFB4). The mutation reduces the function of complex I and, like isp-
1(qm150), results in low oxygen consumption, slow growth, slow behavior, 
and increased lifespan. We have compared the phenotypes of nuo-6(qm200) 
to those of nuo-6(RNAi) and found them to be distinct in crucial ways, 
including patterns of growth and fertility, behavioural rates, oxygen 
consumption, ATP levels, autophagy, and resistance to paraquat, as well as 
expression of superoxide dismutases, mitochondrial heat-shock proteins, 
and other gene expression markers. RNAi treatments appear to generate a 
stress and autophagy response, while the genomic mutation alters electron 
transport and reactive oxygen species metabolism. For many phenotypes, 
we also compared isp-1(qm150) to isp-1(RNAi) and found the same pattern 
of differences. Most importantly, we found that, while the lifespan of nuo-
6; isp-1 double mutants is not greater than that of the single mutants, the 
lifespan increase induced by nuo-6(RNAi) is fully additive to that induced 
by isp-1(qm150), and the increase induced by isp-1(RNAi) is fully additive 
to that induced by nuo-6(qm200). Our results demonstrate that distinct and 
separable aspects of mitochondrial biology affect lifespan independently. 
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Reduced insulin/IGF-1 signaling is thought to extend lifespan by catalyzing 
a physiological shift towards pathways that promote cell maintenance and 
protection. Thus it was not surprising to find that mutants with reduced 
insulin/IGF-1 signaling also exhibited increased ER stress resistance and 
that loss of the ER stress response genes ire-1 or xbp-1 shortened their 
lifespan substantially. Many genes encoding proteins predicted to increase 
environmental stress resistance are expressed at higher levels when 
insulin/IGF-1 signaling is low. In contrast, the level of spliced xbp-1 mRNA 
and expression of XBP-1’s normal target genes was significantly reduced in 
insulin/IGF-1 signaling mutants. We find that the ER stress response protein 
XBP-1 collaborates with DAF-16, a FOXO-transcription factor that is 
activated in the insulin/IGF-1 signaling mutants, to enhance ER stress 
resistance. In addition, we find that in animals with low insulin/IGF-1 
signaling, XBP-1 appears to take on a new role, regulating new targets that 
determine longevity in a manner independent of ER stress. 
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Dietary restriction (DR) results in a robust increase in lifespan while 
maintaining the physiology of much younger animals in a wide range of 
species. Here, we examine the role of sams-1 (S-adenosyl methionine 
synthetase), a DR-responsive gene recently identified, in determining the 
longevity of C. elegans. Inhibition of sams-1 has been shown to increase 
wild-type longevity [1]. Our recent data suggest that reduction in the 
expression level of sams-1 is at least partially required for the dietary 
restriction (DR)-mediated lifespan extension in C. elegans based on the 
following observations: 1) Mutations in sams-1 produces phenotypes, such 
as extended lifespan, smaller body size, and reduced fecundity that is 
similar to DR animals. 2) The lifespan of DR animals cannot be further 
extended by reducing the expression of sams-1. 3) Over-expression of 
sams-1 significantly eliminates the lifespan extension caused by DR. 4) The 
expression level of sams-1 declines in response to DR. Furthermore, the 
sub-cellular localization of SAMS-1 protein is also altered in response to 
DR in a time-dependent manner. The nutrient sensing TOR (target of 
rapamycin) signaling pathway has been shown to mediate the longevity 
effects of DR in C. elegans. Results from our genetic analyses suggest that 
SAMS-1 may function downstream of TOR to mediate the lifespan effects 
of DR. SAMS-1 catalyzes the biosynthesis of SAM, which serves as a 
universal methyl group donor for numerous biochemical reactions and is 
required for various methyltransferases (MTs) to function properly. 
Therefore, alteration of SAMS-1 activity may affect the SAM-dependent 
methylations that occur on DNA, RNA, proteins, phospholipids, hormones 
and neurotransmitters. To address the question as to which physiological 
methylation reaction facilitated by SAM is responsible for the longevity 
effect of sams-1, we have carried out a genetic screen on all MTs to identify 
those that produce DR-like phenotypes, when inhibited. A number of MTs 
have been identified from the screen and are presently being further 
characterized. 
 
 
1. Hansen M, Hsu AL, Dillin A, Kenyon C (2005) New genes tied to 
endocrine, metabolic, and dietary regulation of lifespan from a 
Caenorhabditis elegans genomic RNAi screen. PLoS Genet 1: 119-128. 
 
 58 
ROLE OF SIR2 DURING YEAST CHRONOLOGICAL AGING  
 
Jia Hu1, Min Wei2, Federica Madia2, Tamy Tran3, Valter Longo2  
 
1University of Southern California, Molecular Biology, Los Angeles, CA, 
90089, 2University of Southern California, Gerontology, Los angeles, CA, 
90089, 3University of Southern California, Neurosciences, Los angeles, CA, 
90089 
 
Sir2, a conserved histone deacetylase, modulates life span in yeast, worms, 
and flies and stress response in mammals. Previous work in our lab has 
showed that lack of Sir2 significantly promotes resistance to different 
stresses and extends chronological lifespan when combined with calorie 
restriction and/or mutations in the Sch9, or Ras pathways in yeast. 
However, the mechanism underlies Sir2 deletion mediated cellular 
protection and longevity promotion is still illusive. To explore the role of 
Sir2 in regulating stress response, we examine the genetic interaction 
between the stress resistance transcription factors, Msn2/4, Gis1 and Sir2. 
Our results suggest that Msn2/4 and Gis1 are required for the enhanced 
stress resistance of sir2 mutant and the further extension of chronological 
lifespan of sir2 mutant under caloric restriction. In agreement with this 
result, the serine/theronine kinase Rim15, a positive regulator of the Msn2/4 
and Gis1, is also implicated in the Sir2 mediated cellular sensitization to 
stress. We are currently investigating the potential role of Sir2 in directly 
regulating these transcription factors at the protein level. We also examined 
the role of Sir2 in genomic stability during chronological aging and provide 
a potential mechanism of action. These studies shed light into the 
mechanisms of Sir2 function in eukaryotes. 
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Mitochondria quality is important in preventing cellular pathologic 
conditions caused by high level ROS and maintaining healthy cellular life. 
Previously, we reported that the treatment of nicotinamide (NAM), which is 
converted to NAD+ by NAM phosphoribosyltransferase (Nampt) in cells, 
induces a decrease in mitochondrial mass through an accelerated autophagy 
in human fibroblasts whose replicative lifespan was extended by the 
treatment. In these cells, the residual mitochondria were marked by the 
elevated membrane potential (MMP) and far reduced superoxide level. We 
speculate that NAM exerts these effects by increasing cellular [NAD+] (or 
[NAD+]/[NADH]). Indeed, the treatments of si-NAMPT RNA or FK866, an 
inhibitor for NAD synthesis, both caused a decrease in cellular [NAD+], 
and, at the same time, blocked the effect of NAM in decreasing the 
mitochondria mass. To further determine whether the increased [NAD+] 
induces these changes, and to dissect the underlying mechanisms, we 
checked the effect of the treatment of NAD or asparagine. (Asparagine 
treatment is expected to increase the cytosolic ratio of [NAD+]/[NADH] 
through malate-aspartate shuttle.) Both NAD and asparagine caused a 
decrease in mitochondria content with the extent and kinetics similar to 
those caused by NAM. Therefore, it is highly likely that an increase in 
[NAD+] or [NAD+]/[NADH] causes a decrease in mitochondria content. 
However, neither NAD nor asparagine was able to induce a decrease in 
mitochondrial superoxide level. This indicates that the suppression of 
superoxide generation by NAM is not mediated by the increase of 
[NAD+]/[NADH] or the mitochondrial turnover, and that NAM, differently 
from NAD, has a potent antioxidant activity. Meanwhile, NAD but not 
asparagine caused an increase in MMP suggesting that [NAD+] rather than 
cytosolic [NAD+]/[NADH] level controls MMP. The effects of these 
chemicals on mitochondrial morphology are to be further examined. Our 
findings so far suggest that the decrease in mitochondria mass is indeed 
caused by the increased [NAD+]/[NADH] level, but, not all of the changes 
induced in the NAM treated cells were brought in as the consequence of the 
increase in [NAD+] or the removal of mitochondria with low MMP. It is 
further indicated that NAM affects cell physiology through multiple 
different pathways. 
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Most intracellular oxidative stress, which is caused by excessive superoxide 
anion from the mitochondrial respiratory chain, leads to life-style related 
diseases such as diabetes and arteriosclerosis, and age-related diseases such 
as cancer and neuronal degenerative diseases.  
We have been demonstrated that excessive mitochondrial superoxide anion 
that is caused by an amino acid mutation (G71E in C.elegans, V69E in 
mice) in the SDHC subunit of Complex II results in a short life span in C. 
elegans mev-1 mutants, tumors in mouse embryo SDHC E69 NIH3T3 cells 
and infertility in mev-1 transgenic mice. In humans, it has been reported that 
a mutation in SDHB, SDHC or SDHD often results in familial 
paragangliomas (PGLs). 
Recently, we established Tet-mev-1 conditional transgenic mice using our 
original Tet-On/Off system, which can induce the mutated SDHC gene to 
be equally and competitively expressed compared to wild-type SDHC. The 
Tet-mev-1 mice were born as low birth weight infants, but recovered 
through the growth phase by the age of about 12 weeks. We also observed 
that Tet-mev-1 mice have low pregnancy and fertility rates, and occasionally 
result in pregnancy death. In these mice, the ovulation rate and sperm 
activity were slightly reduced, but these phenotypes did not likely lead to 
infertility. In fact, in an in vitro fertilization assay, the fertility was only 
slightly reduced, but early embryogenesis was not changed. 
In this study, the results suggest that intracellular oxidative stress by 
excessive superoxide anion, caused by mitochondrial respiratory chain 
abnormality, might significantly affect some roles at the time of 
implantation.  
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As cells age, a variety of endogenous and exogenous agents promote the 
accumulation of DNA damage. DNA damage may lead to mutations that 
impair cellular function and viability or that contribute to the progression of 
cancer. In order to mitigate the effects of DNA damage, checkpoint kinases 
phosphorylate several downstream effectors that then inhibit progression of 
the cell cycle and activate DNA repair. Checkpoint kinases also signal 
widespread changes in transcription, but specific connections with 
transcription factors have not been identified in most cases. Here, we use a 
strategy based on the integration of kinase mutant expression profiles, 
transcriptional networks, and phosphoproteomics to investigate the role of 
the yeast checkpoint kinases (Mec1, Tel1, Chk1, Rad53, and Dun1) in the 
regulation of transcription during the DNA damage response induced by 
methyl methanesulfonate (MMS). Expression profiling of checkpoint kinase 
mutants allows us to identify the portion of the transcriptional response that 
is dependent on those kinases and generate networks connecting the kinases 
with their transcriptional targets. Our data indicate that both Mec1 and Tel1 
converge on Rad53 to synergistically regulate a network of nearly 400 
genes in a checkpoint kinase-dependent transcriptional response. By 
evaluating the overlap between these kinase-target gene networks and 
previously characterized transcription factor-target gene networks, we 
implicate multiple transcription factors downstream of the DNA damage 
checkpoint, including Fkh2, Ndd1, and Gcn4, as well as transcriptional 
complexes involving Msn2/4, SBF (Swi4/Swi6), and MBF (Swi6/Mbp1). 
Finally, we use mass spectroscopy to identify specific sites on these factors 
that are phosphorylated by checkpoint kinases, including novel Rad53 sites 
on SBF and MBF. We also identified a DNA damage regulated 
transcriptional network whose regulation is independent of the checkpoint 
kinases. These studies allow us to construct a regulatory network for the 
transcriptional response to DNA damage and contribute to our 
understanding of the molecular mechanisms cells use to prevent the 
accumulation of mutations that may potentially lead to cancer and other 
age-related diseases. 
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Neurodegenerative diseases constitute a class of illnesses marked by 
pathological protein aggregation in the neurons of affected individuals. 
Although these disorders are invariably characterized by the death of highly 
specific sub-populations of neurons, protein aggregation occurs in all cells, 
which indicates that disease states arise only in particular cell-biological 
contexts6. The precise determinants of this toxic effect are not well defined. 
While different neurodegenerative disorders are usually caused by the 
aggregation of proteins with otherwise unrelated sequence, structure, and 
function, they are unified by a common cell biological feature: the 
deposition of the culprit proteins in inclusion bodies. Having once been 
considered irrelevant or at most passive byproducts of pathogenic 
phenomena, inclusions are now recognized as a focal point of disease onset 
and disease avoidance, though it remains unclear whether they are cytotoxic 
or protective of cell viability. The starting point for uncovering the origins 
of neurodegenerative disease pathology must therefore be a thorough 
understanding of the cell biological regulation of inclusion formation and 
the impact that inclusions have on mitigating or enhancing the potentially 
toxic consequences of aggregation. Here we show that a key predictor of 
aggregate-induced toxicity in human cells is the localization of aggregates 
in one of two subcellular compartments. We find that ALS-linked mutant 
superoxide dismutase 1 (SOD1G93A) localizes to the JUNQ, a central 
cellular quality control compartment that normally degrades and refolds 
soluble misfolded proteins. When concentrated in the JUNQ, SOD1G93A 
retains Hsp70, an essential chaperone, thereby impairing the degradation of 
other JUNQ substrates. Enhancing the sequestration of toxic SOD1G93A in 
an insoluble compartment, the IPOD, reduces the harmful effects of SOD1 
aggregation on cell viability. Our results highlight the importance of spatial 
organization of cellular quality control in avoiding unproductive and 
harmful interactions between toxic aggregates and essential chaperones. We 
propose that diverting toxic aggregates from the JUNQ to the IPOD 
sequestration compartment as a potential strategy for alleviating the toxicity 
underlying neurodegenerative diseases. 
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Sensory systems influence the aging of C. elegans and Drosophila. 
Previously we showed that at 20°C, inhibiting chemosensory neurons 
extends the lifespan of C. elegans by activating the DAF-16/FOXO-
transcription factor (Apfeld and Kenyon 1999; Alcedo and Kenyon, 2004). 
More recently, we found that thermosensory neurons actively moderate the 
effects of high ambient temperature (25°C) on lifespan by regulating a 
steroid-signaling pathway (Lee and Kenyon, 2009). In this study, we 
examined the longevity response to low temperature (15°C). We found that 
tax-2 and tax-4 mutants, which have chemosensory and thermosensory 
defects, lived significantly longer than wild type at 15°C. We found that the 
lifespan-extending gene daf-16, but not steroid-signaling genes, was 
required for the long lifespan of tax-2 and tax-4 mutants at 15°C. In 
addition, tax-2 and tax-4 mutations influenced the nuclear localization and 
the transcriptional activity of DAF-16. These data suggest sensory neurons 
influence lifespan at low temperature (15°C) by regulating DAF-16. tax-2, a 
neuronal gene, affected DAF-16 activity in other tissues, suggesting that 
sensory neurons send signals to other tissues that affect their DAF-16 
activity. Because tax-2 and tax-4 mutants display defects in chemosensation 
as well as thermosensation, we examined whether thermosensory neurons 
play a role in this longevity response to low temperature. Two lines of 
evidence suggest that this is the case. First, we found that expressing tax-4 
specifically in the thermosensory AFD neurons significantly decreased the 
longevity of tax-4 mutants at low temperature, suggesting that tax-4 in the 
thermosensory AFD neurons contributes to the longevity response to low 
temperature. In addition, whereas the lifespans of wild-type animals and 
pure-chemosensory mutants, such as osm-3 and osm-5 mutants, were 
significantly changed by a temperature shift from high to low temperature, 
the lifespan of tax-2 mutants was not. These data suggest that 
thermosensory neurons are required for the longevity response to the low 
temperature shift. Together, our findings suggest that thermosensory 
neurons affect the longevity response to low temperature by regulating the 
activity of the DAF-16/FOXO-transcription factor in C. elegans. Taken 
together, these studies indicate that thermosensory neurons prevent animals 
from living even shorter than they normally do at high temperatures, or 
longer than they normally do at low temperature. Thus the thermosensory 
system may have a homeostatic effect on processes that affect aging. 
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Cellular senescence is a permanent cell cycle arrest that can be induced by 
different mechanisms, including shortened telomeres, accumulation of DNA 
damage and oncogenic or oxidative stress. Senescent cells have been 
detected in tissues where they may exert anti-tumor functions and/or 
contribute to aging phenotypes. Although several biomarkers of cellular 
senescence have been established (e.g. SA-β Gal, p21, p16, SAHF), 
application of new ones should refine and improve the existing diagnostic 
tool kit.  
 
Using comparative mass spectrometry of in vitro aged normal human 
diploid fibroblasts we observed a decrease in the amount of annexin V in 
nuclear fractions, while the overall cellular amount stayed unchanged. In 
Immunofluorescence studies we observed an altered cellular localization of 
annexin V during in vitro aging. In human fibroblasts of early and mid 
population doublings annexin V is mainly found in the cytoplasm but also 
diffusely distributed in the nucleus at a low level. During increased 
passaging the signal intensity of diffusely distributed annexin V increases in 
the nucleus. Further, in more than 90 % of senescent fibroblasts annexin V 
accumulates at the nuclear envelope, a phenotype we termed SA-ANX5 
(senescence-associated annexin V accumulation at the nuclear envelope). 
Other members of the annexin family did not show this behavior. Compared 
to other markers of cellular senescence (i.e. SA-β Gal, p21, p16 and SAHF) 
the onset of SA-ANX5 occurred relatively late during serial passaging of 
fibroblasts. We also analyzed annexin V distribution in tissue sections of 
human skin and showed that keratinocytes are annexin V-negative in young 
skin but 5 to 10 % of these cells show annexin V staining in samples from 
elderly donors. In these cells annexin V also accumulates at the nuclear 
envelope. Depletion of annexin V in young fibroblasts accelerates in vitro 
aging suggesting a functional role for annexin V during cellular senescence. 
 
In summary, we show that annexin V accumulation at the nuclear envelope 
(SA-ANX5) is a powerful new tool to detect cellular senescence in vitro 
and in vivo. 
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Mitochondrial dysfunction has been linked to aging and to pathologies for 
which age is a major risk factor, including tumorigenesis. Our lab recently 
reported a link between mitochondrial morphology and inappropriate 
control of the cell cycle, one factor that can play a role in tumor promotion. 
Our lab's study demonstrated that induction of mitochondrial hyper-fusion 
can promote S-phase entry in the absence of growth factor stimulus by 
increasing cyclin E levels. Chronic hyper-fusion results in constitutively 
high levels of cyclin E and a G1/S block in the subsequent cell cycle. The 
G1/S block induced by chronic mitochondrial hyper-fusion is p53-
dependent, as HCT116 cells lacking p53 continue to cycle despite 
constitutively elevated cyclin E. Upon the observation that HCT116 p53-/- 
cells have elevated cyclin E levels throughout the cell cycle without 
experiencing a G1/S block, we sought to examine the mitochondrial 
morphology of HCT116 p53-/- cells compared to their p53-containing wild 
type counterparts. Fluorescence microscopy experiments were conducted to 
observe mitochondrial morphology at the M-phase of the cell cycle where 
mitochondria are typically in a fragmented state. Mitochondria in HCT116 
wild type cells were highly fragmented during M-phase whereas HCT116 
p53-/- cells exhibited more tubular morphology. Microirradiation 
experiments to assay mitochondrial electrical continuity are being employed 
to quantify the degree of mitochondrial fusion in HCT116 wildtype and 
HCT116 p53-/- cells. To explore the mechanism underlying the influence of 
kinase signaling on mitochondrial morphology, changes in phosphorylation 
of the mitochondrial fission protein dynamin-related protein 1 (Drp1) will 
be studied. Several mutants of Drp1 have been constructed to either mimic 
or prevent phosphorylation at several different sites and experiments aim to 
determine the mutations’ effects on mitochondrial morphology and control 
of the cell cycle. This study also seeks to determine whether constitutively 
tubular mitochondria introduce aberrations in the cell cycle such as uneven 
mitochondrial distribution to daughter cells or chromosomal segregation 
errors. Additionally, we plan to determine whether cells with 
inappropriately fused mitochondria have metabolic defects, lack a proton 
gradient, or produce excess reactive oxygen species. Metabolic changes 
driven by mitochondrial morphological aberrations may provide a 
mechanism by which cancer cells can utilize mainly glycolysis for ATP 
production while exposed to normoxic conditions (termed the Warburg 
Effect) and may shed light on additional age-related diseases. 
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OBJECTIVE—Despites potentially beneficial effects of dietary restriction 
(DR) on several diseases including cardiovascular disease, insulin 
resistance, and extension of lifespan, its effects on diabetic nephropathy are 
well unknown. The aim of this study was to investigate the protective 
effects of DR against diabetic nephropathy of Wistar fatty rats, a model of 
obese type 2 diabetes.  
RESEARCH DESIGN AND METHODS— Wistar fatty rats were treated 
with or without 40% fewer calories for 24 weeks. We assessed urinary 
albumin excretion and histological changes (mesangial expansion, GBM 
thickness, macrophage infiltration, interstitial fibrosis). Mitochondrial (mt) 
morphogenesis is also examined by using electron microscopy in the 
kidney. We measured mRNA expression of MCP-1, ICAM-1, and VCAM-
1 in addition to anthropometric markers (blood glucose (BG), total 
cholesterol (T-CHO), triglyceride (TG) and free fatty acid (FFA). We 
finally examined the protein expression of SIRT1 as well as its activity by 
NFkB acetylation.  
RESULTS—DR significantly reduced the urinary albumin excretion, and 
also attenuated the renal histological changes in Wistar fatty rats. Altered 
mt morphologies were also ameliorated in Wistar fatty rats; however 
anthropometric parameters such as BG, BP, and lipids were not statistically 
improved by DR in addition to BP. Interestingly, DR completely reduced 
inflammatory markers in Wistar fatty rats. DR enhanced the protein 
expression of SIRT1 as well as its activity.  
CONCLUSIONS—DR might ameliorate renal injuries and abnormal mt 
morphologies in the kidney of Wistar fatty rats, possibly through the 
improvement of mt function and inflammation via SIRT1 activation.  
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Chromatin reorganization is one of a multitude of changes that occur at the 
cellular level during the normal aging process. However, the epigenetic 
mechanisms of this extensive rearrangement of the chromatin are virtually 
unknown. To address this issue we developed an assay to quantify 
heterochromatinization at the single cell level using immunofluorescence 
microscopy. We quantified mH2A and HP1β levels, known components of 
repressive heterochromatin, in cultured human diploid fibroblasts as they 
approached replicative senescence. Expression of both heterochromatic 
marks increased with passage number and showed a high level of 
correlation at the single cell level. To examine the extent of age-associated 
heterochromatin formation in vivo we expanded our investigations to 
murine and primate tissues. Elevated levels of mH2A were apparent in lung 
nuclei of C57BL/6 mice near their median life span (24-27 mo.) and in very 
old animals (36 mo.). Increased levels of mH2A with age were also found 
in skeletal muscle, where there was a biphasic distribution of nuclei 
expressing either low or high levels of mH2A, with relatively few nuclei 
falling in between. The proportion of nuclei in the low and high expression 
groups changed with age, with a significantly higher fraction of cells 
expressing high levels of mH2A in the old animals. In addition to an overall 
increase in mH2A, there was a substantial redistribution of mH2A to the 
pericentromeric heterochromatin foci in the liver, lung, and muscle nuclei of 
old animals. To determine if these age-associated changes in mH2A 
expression occur in primates we examined skeletal muscle biopsies from 
young and old baboons. As seen in mouse muscle, there was a clearly 
biphasic distribution of cells expressing either low or high levels of mH2A 
in baboon skeletal muscle. Furthermore, the age-associated shift in the ratio 
of low to high intensity nuclei was very pronounced, changing more than 3-
fold. Our results show that mH2A expression increases as a function of age 
in vivo in both replicative and terminally differentiated tissues. 
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Cellular replicative senescence accompanies aging and is linked to multiple 
physical changes in humans ranging from wrinkling and thinning of the skin 
to hair loss. Skin aging affects everyone while partial hair loss up to and 
including balding will affect 57% of women and 73% of men who live to 
age 80 and older. The mechanism of hair loss, however, is incompletely 
understood. Dermal papillae cells from balding and non-balding individuals 
have been grown in vitro by Bahta et al. The balding dermal papillae cells 
exhibit premature senescence and have been found to express high levels of 
Senescence-Associated β-Galactosidase (SA-β-Gal) and Ataxia 
Telangiectasia Mutated (ATM) [1]. Fibroblasts from aged skin also express 
high levels of these two proteins. Through application of a yeast peptide 
that we discovered, hexapeptide-11, we have shown that the peptide can 
cause a dose-dependent, statistically significant decrease of SA-β-Gal and 
ATM in fibroblasts aged in vitro. We have also developed an in vitro model 
using dermal papillae cells that allows us to use UV radiation as an inducing 
mechanism to drive the cells into advanced senescence. By using this 
model, we have shown that hexapeptide-11 can delay senescence in dermal 
papillae cells.  
 
[1] Bahta AW et al., J Invest Dermatol 128 (2008) 1088.  
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How dietary restriction (DR) increases lifespan and decreases disease 
burden are questions of major interest in biomedical research. We have 
recently reported that hypothalamic expression of CREB-binding protein 
(CBP) and CBP-binding partner Special AT-rich sequence binding protein 1 
(SATB-1) is highly correlated with lifespan across five strains of mice, and 
expression of these genes decreases with age and diabetes in mice. 
Furthermore, in Caenorhabditis elegans, cbp-1 is induced by bacterial 
dilution DR (bDR) and the daf-2 mutation, and cbp-1 RNAi specifically in 
adults completely blocks lifespan extension by three distinct protocols of 
DR, partially blocks lifespan extension by the daf-2 mutation but not of 
cold, and blocks delay of other age-related pathologies by bDR. Inhibiting 
the C. elegans ortholog of SATB-1 and CBP-binding partners daf-16 and 
hsf-1 also attenuates lifespan extension by bDR, but not other protocols of 
DR. In a transgenic Abeta42 model of Alzheimer's disease, cbp-1 RNAi 
prevents protective effects of bDR and accelerates Abeta42-related 
pathology. Furthermore, consistent with the function of CBP as a histone 
acetyltransferase, drugs that enhance histone acetylation increase lifespan 
and reduce Abeta42-related pathology, protective effects completely 
blocked by cbp-1 RNAi. Other factors implicated in lifespan extension are 
also CBP-binding partners, suggesting that CBP constitutes a common 
factor in the modulation of lifespan and disease burden by DR and the 
insulin/IGF1 signaling pathway. We have gone on to observe that 
hypothalamic expression of CBP as well as CREB is positively correlated 
with diet-induced obesity across 5 strains of mice, whereas hypothalamic 
expression of glucose-regulated transcriptional co-repressor negatively 
correlates with lifespan. The strain effects on hypothalamic CBP and CtBP 
expression is correlated with hypothalamic sensitivity to glucose. We 
therefore hypothesize that hypothalamic sensitivity to glucose, determined 
by CtBP expression, reduces lifespan and diet-induced obesity by 
antagonizing the protective effects of CBP, mediated at least in part by 
histone acetylation. 
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The enzyme SIRT1 has been implicated as a key regulator of metabolism, 
caloric restriction and ageing. However, the precise mechanisms that 
modulate SIRT1 activity during the ageing, and caloric restriction remain 
unknown. The discovery that deleted in breast cancer-1 (DBC1) is a 
negative regulator of SIRT1 prompted us to examine the role of DBC1 as a 
regulator of the ageing, longevity and metabolic changes during caloric 
restriction. We show here that DBC1 and SIRT1 colocalize and interact in 
different cell lines and tissues and that DBC1 modulates SIRT1 activity 
during the process of ageing and caloric restriction. Increases in SIRT1 
activity corresponded to a decrease in SIRT1-DBC1 interaction during 
caloric restriction, whereas decreases in SIRT1 activity during the ageing 
process and oxidative stress corresponded to an increase in this interaction. 
We hypothesized that DBC1 is crucial for the inhibition of SIRT1 induced 
by oxidative injury and ageing. Indeed, loss of DBC1 in mice led to 
increased SIRT1 activity in several tissues, prevention of ageing oxidative 
stress-induced decline in SIRT1 activity. Furthermore, DBC1 knockout 
mice were protected against the development of tissue inflammation, 
cellular senescence, and senescence induced cellular secretory phenotypes. 
Finally, deletion of DBC1 increases longevity and healthspan in mice. Our 
data indicates that pharmacological manipulation of the SIRT1-DBC1 
interaction may have major implication for the development of the ageing 
process and ageing associated diseases. 
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In mammals, multiple organs and tissues have distinct roles in regulating 
metabolism and comprise a very complex regulatory network throughout 
the body. Our long-term goal is to understand how this network regulates 
aging and which organs/tissues play a dominant role in the hierarchy of 
systemic regulation for mammalian aging and longevity. To address these 
questions, we have investigated physiological and behavioral responses to 
diet restriction (DR), a dietary regimen known to retard aging and extend 
lifespan in a wide variety of organisms. 
We have found that DR significantly increases SIRT1 protein levels and 
induces neural activation in the dorsomedial and lateral hypothalamic nuclei 
(DMH and LH, respectively). Increasing SIRT1 in the brain of transgenic 
(BRASTO) mice enhances neural activity specifically in the DMH and LH, 
maintains a higher range of body temperature, and promotes physical 
activity in response to DR. These responses are all abrogated in Sirt1-
deficient mice. We have also identified a novel SIRT1 target gene, orexin 
type 2 receptor (OX2R), in the hypothalamus. The administration of an 
OX2R antagonist completely abrogates the capability of BRASTO mice to 
maintain a higher range of body temperature in response to DR, suggesting 
OX2R signaling is involved in the SIRT1-mediated physiological responses 
to DR. Additionally, SIRT1 increases the expression of Ox2r mRNA 
specifically in the DMH and LH in response to DR and augments the 
response to ghrelin, a gut hormone whose levels increase in DR. These 
findings reveal a novel systemic regulatory network among hypothalamic 
SIRT1, OX2R, and peripheral ghrelin. We are currently testing whether 
brain SIRT1 is crucial for lifespan control, and results have so far indicated 
that SIRT1 in the brain plays a critical role in the regulation of mammalian 
lifespan. Taken together, our results suggest that hypothalamic SIRT1 
functions as a key mediator of the central response to DR, providing insight 
into the role of the brain in the systemic regulatory network for metabolism, 
aging, and longevity in mammals.  
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In skeletal muscle, mitochondrial integrity is a key component of healthy 
tissue. Mitochondrial dysfunction has both tissue specific and systemic 
effects and has been associated with aging, diabetes and metabolic 
syndrome. The fibers that make up skeletal muscle are heterogeneous and 
differ mechanically and metabolically. Using a dual myosin isoform 
staining approach, we have identified a shift in fiber type distribution in 
mid-life in rhesus monkeys that is coincident with the early stages of 
sarcopenia. Age negatively impacts the activity of the mitochondrial 
electron transport system (ETS) and also the intracellular distribution of the 
most active mitochondria within individual muscle fibers. Autofluorescent 
detection using multiphoton imaging indicates that levels of both NADH 
and FAD+ metabolic cofactors also decline with age; and fluorescent decay 
lifetime analysis indicates that the cellular milieu is altered. A contributing 
factor could be the increase in intracellular and whole-tissue lipid 
deposition, a reasonable outcome of mitochondrial insufficiency. Age did 
not impact levels of key mitochondrial regulator PGC-1α; however, its sub 
cellular distribution is shifted. Lower levels of downstream targets indicate 
that transcriptional coactivation of gene expression by PGC-1α is curtailed 
through regulated localization. We propose that PGC-1α plays a pivotal role 
in regulating skeletal muscle energy metabolism as a part of normal aging 
in rhesus monkeys. These data indicate that innate mechanisms of cellular 
adaptation contribute to aging and suggest they may be targeted to regulate 
longevity. 
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In Drosophila melanogaster (D. melanogaster), neurosecretory insulin-like 
peptide-producing cells (IPCs), analogous to mammalian pancreatic β cells 
are involved in glucose homeostasis. Extending those findings, we have 
developed in the adult fly an oral glucose tolerance test and demonstrated 
that IPCs indeed are responsible for executing an acute glucose clearance 
response. To further develop D. melanogaster as a relevant system for 
studying age-associated metabolic disorders, we set out to determine the 
impact of adult-specific partial ablation of IPCs (IPC knockdown) on 
insulin-like peptide (ILP) action, metabolic outcomes and longevity. 
Interestingly, while IPC knockdown flies are hyperglycemic and glucose 
intolerant, these flies remain insulin sensitive as measured by peripheral 
glucose disposal upon insulin injection and serine phosphorylation of a key 
insulin-signaling molecule, Akt. Significant increases in stored glycogen 
and triglyceride levels as well as an elevated level of circulating lipid 
measured in adult IPC knockdown flies suggest profound modulation in 
energy metabolism. Additional physiological outcomes measured in those 
flies include increased resistance to starvation and impaired female 
fecundity. Finally, increased life span and decreased mortality rates 
measured in IPC knockdown flies demonstrate that it is possible to 
modulate ILP action in adult flies to achieve life span extension without 
insulin resistance. Taken together, we have established and validated an 
invertebrate genetic system to further investigate insulin action, metabolic 
homeostasis and regulation of aging regulated by adult IPCs. 
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The processes that lead to the susceptibility of post-mitotic tissues to 
diseases of aging are poorly understood, but mitochondria are considered a 
key regulator. SIRT3 is a mitochondrial sirtuin, a member of a family of 
NAD+-dependent deacetylases. We have previously shown that increased 
levels of NAD+ in mitochondria promote cell survival in a SIRT3-
dependent manner, but how this protection is mediated is unknown. Here 
we show that mitochondrial NAD+ declines in post-mitotic tissues with age 
leading to decreased SIRT3 deacetylase activity in these tissues. 
Furthermore we show that SIRT3 is a critical component and regulator of 
the mitochondrial transition pore (MTP). We show that SIRT3 negatively 
regulates MTP opening by interacting with several components of the pore. 
We identify Lysine 166 of cyclophilin D (cypD) as the key residue that 
becomes acetylated with aging in mouse and human cortex, leading to 
enhanced MTP opening and mitochondrial dysfunction. Mitochondria 
isolated from brains of SIRT3 knockout mice show an hyperacetylation of 
cypD at lysine 166 and age-dependent susceptibility to the induction of 
mPTP, which is rescued by cyclosporine A (CSA), a cyclophilin inhibitor. 
Mice lacking SIRT3 exhibit multiple defects in post-mitotic tissues as they 
age, including susceptibility to cardiac failure, and learning and memory 
deficits. In a mouse model of Alzheimer's disease, SIRT3 knockout mice 
show striking phenotypes including small size, kyphosis, and a markedly 
reduced lifespan. We propose that decreases in mitochondrial NAD+ levels 
and increased acetylation of K166 on cyclophilin D over time results in age-
related neurodegenerative diseases and the aging of postmitotic tissues. 
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Sirtuins are NAD-dependent deaceytlases and ADP-ribosyltransferases that 
have been linked to regulating lifespan, metabolism, and age-related 
diseases. Here we show that the mitochondrial NAD-dependent 
deacetylases SIRT3 and SIRT4 are crucial regulators of mitochondrial 
metabolism and impact global cellular metabolism. SIRT4 represses fatty 
acid oxidation and increases glucose utilization. SIRT3 targets multiple 
mitochondrial metabolic enzymes and SIRT3 null cells display a metabolic 
profile consistent with low oxidative phosphorylation and high glycolysis. 
We will discuss the relevance of the pathways in the regulation of 
tumorigenesis, a condition in which cancer cells preferentially perform 
aerobic glycolysis as a means to rapidly synthesize biomass essential for 
their growth. 
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Acetylation is increasingly recognized as an important post-translational 
protein modification, particularly in metabolic regulation. We find chronic 
high-fat diet feeding induces significant mitochondrial protein 
hyperacetylation in wild type (wt) mice. SIRT3 is a mitochondrial, 
nicotinamide adenine dinucleotide (NAD+)-dependent, protein deacetylase 
that regulates mitochondrial protein acetylation and metabolism. Chronic 
high-fat diet feeding reduces hepatic SIRT3 protein expression in wt mice, 
and humans with hepatic steatosis also show dramatically reduced hepatic 
SIRT3 expression. Sirt3-/- (SIRT3KO) mice fed a high-fat diet show 
accelerated obesity, hyperinsulinemia, insulin resistance, 
hypertriglyceridemia and hypercholesterolemia in comparison to wt mice. 
They also show accelerated hepatic steatosis and steatohepatitis. Stearoyl-
CoA desaturase 1 (SCD1), a lipogenic enzyme implicated in the 
pathogenesis of the metabolic syndrome, is highly expressed in SIRT3KO 
mice in comparison to wt mice, and genetic deletion of SCD1 (Scd1-/-) 
rescues both wt and SIRT3KO mice from hepatic steatosis associated with 
high-fat feeding. We further identify a single nucleotide polymorphism in 
the SIRT3 gene that shows strong genetic association with the metabolic 
syndrome. Thus, mitochondrial protein acetylation and its major regulator, 
SIRT3, play an important regulatory role in the development of the 
metabolic syndrome in both mice and in humans. 
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The protein kinase BubR1 is a critical regulator of the spindle checkpoint, 
and mice with low levels of BubR1 (BubR1H/H) have an increased number 
of senescent cells in their tissues and a variety of other progeroid features 
including a shortened lifespan. Here we describe a role for reversible 
acetylation in controlling BubR1 protein stability. Specifically, we identify 
lysine-668 as a target for acetylation that enhances ubiquitin-dependent 
degradation of BubR1. The sirtuin family of NAD+-dependent protein 
deacetylases and ribosyltransferases has been shown to regulate longevity in 
a number of model organisms and may underlie some of the benefits of 
calorie restriction. We show that SIRT2, a sirtuin involved in regulating 
cellular proliferation and spindle checkpoint function, specifically targets 
BubR1 for deacetylation at lysine-668. Consistent with this, we show that 
mice overexpressing a SIRT2 transgene have increased levels of BubR1 
protein in tissues, while MEFs from SIRT2 knockout mice show reduced 
levels of BubR1. To determine if the increase in BubR1 protein levels can 
suppress the BubR1H/H progeroid phenotype, we crossed SIRT2 transgenic 
animals to the short-lived BubR1 hypomorphic mice. We find that increased 
SIRT2 expression in these animals results in lifespan extension and further 
characterization of these mice is in progress to determine mechanisms. 
These data highlight a role for SIRT2 in promoting the stability of a critical 
regulator of the mitotic checkpoint, and indicates a role for SIRT2 in the 
control of genomic stability and the potential for delaying age-related 
diseases in response to diet. 
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Calorie restriction (CR), a reduction in food intake without malnutrition, 
extends lifespan in rodents and many other organisms, and is associated 
with alterations in the activities of numerous mitochondrial enzymes. The 
molecular mechanisms basis of the metabolic alterations that occur during 
CR is largely unknown. Recently our laboratory has shown that acetylation 
of many mitochondrial proteins changes during CR. We hypothesize that 
acetylation of key enzymes may be a mechanism underlying the changes in 
metabolism observed during CR.  
Sirtuins are a conserved family of NAD+-dependent deacetylases implicated 
in both CR and longevity. Mammals possess seven sirtuins, three of which, 
SIRT3, SIRT4 and SIRT5, are mitochondrial. Human longevity has been 
associated with mutations in the SIRT3 gene. Analysis of SIRT3, 4 and 5 
knockout (KO) mice has shown that SIRT3 is the primary mitochondrial 
deacetylase. SIRT3 KO mice display many phenotypes including defects in 
oxidative phosphorylation and fatty acid oxidation. Studies of SIRT4 and 5 
KO mice have revealed a role of SIRT4 in regulating glutamate 
dehydrogenase (GDH) in pancreatic β cells and a role of SIRT5 in the urea 
cycle. 
We identified the E1α subunit (PDHA1) of the pyruvate dehydrogenase 
complex (PDC) as a mitochondrial protein hyperacetylated during CR in 
mouse liver. E1α is the regulatory subunit of PDC, which catalyzes the 
conversion of pyruvate to acetyl-CoA (the rate-limiting, final step of 
glycolysis) for use in the Krebs cycle or biosynthetic reactions. PDC plays a 
critical role in cellular metabolism, organismal glucose homeostasis, and 
fuel selection. PDC dysfunction is implicated in many human diseases 
including type 2 diabetes and cancer. Here we present studies to determine 
the functional consequences of E1α acetylation. 
During CR, we found that E1α acetylation increased in the liver and 
conversely declined in brown adipose tissue (BAT), an organ involved in 
adaptive thermogenesis and regulation of overall energy expenditure. BAT 
PDC activity and mitochondrial oxygen consumption declined during CR, 
suggesting that E1α acetylation might contribute to PDC activation. Indeed, 
in vitro acetylation of PDC increased activity by 79%. Treatment of cells 
with the deacetylase inhibitors nicotinamide or TSA also increased PDC 
activity. We conclude that deacetylation negatively regulates PDC activity 
and are testing the involvement of the mitochondrial sirtuins in this process. 
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A major cause of aging is thought to be the production of reactive oxygen 
species (ROS) during respiration and cumulative oxidative stress. Calorie 
restriction (CR), the most robust intervention to extend lifespan in 
mammals, reduces steady state levels of oxidative stress and damage. 
However, the underlying mechanism is unknown. Here, we show that CR 
induces the expression of the mitochondrial deacetylase SIRT3 in mouse 
tissues. Strikingly, in mice lacking SIRT3, the protective effects of CR on 
oxidative damage are diminished. SIRT3 deacetylates the mitochondrial 
antioxidant enzyme superoxide dismutase 2 (SOD2) and activates its ROS 
detoxification activity. Additionally, CR triggers a metabolic switch to fatty 
acid oxidation, a process associated with decreased ROS production. These 
effects are strongly attenuated in mice lacking SIRT3. Our studies highlight 
an active defense program CR provokes to reduce oxidative stress and 
suggest that CR could extend lifespan by inducing SIRT3 expression and 
reducing oxidative stress. 
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Several ribosomal proteins (RPs) have been shown to interact with and 
inhibit the E3 ligase function of Mdm2, thereby activating p53. The 
pathophysiological significance of these interactions, however, has not been 
established in vivo. We generated mice carrying a cysteine-to-phenylalanine 
(C>F) substitution in the zinc finger of Mdm2 that disrupts its binding to 
RPL5 and RPL11. Mice harboring this mutation (Mdm2C305F) are born with 
typical Mendelian inheritance and are phenotypically normal and fertile. 
However, while retaining normal p53 response to DNA damage the mutant 
mice lacked p53 response specifically to perturbations in ribosome 
biogenesis. To examine the role of RP-Mdm2-p53 signaling in 
tumorigenesis, we crossed the mutant mice with Eμ-myc transgenics, an 
established mouse model of Burkitt's lymphoma. The Mdm2C305F mutation 
accelerated Eμ-myc induced lymphomagenesis. The mean survival of Eμ-
myc transgenics, 20 weeks for those with wild type Mdm2, was shortened to 
9 weeks with Mdm2C305F mutation—a time frame comparable to that of Eμ-
myc;p19Arf-/- transgenic mice. In addition, our recent studies show that the 
RP-Mdm2-p53 signaling pathway is important in coordinating nutrient 
stress with metabolism. Metabolomic analysis demonstrates that calorie 
restriction alters a plethora of metabolites in wild type but not the mutant 
mice. Our findings establish the RP-Mdm2-p53 axis as a bona fide in vivo 
signaling pathway important in growth control and tumor suppression. 
Updated results on the study will be presented. 
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In vertebrates, four Heat Shock Factor (HSF) transcription factors (HSF 1-
4) regulate chaperone levels in response to stress, development, lens 
maintenance and germ cell maturation. In the worm, a single HSF, HSF-1, 
regulates the response to heat stress and also plays an important role in 
development and immune response. HSF-1 is also critical for both longevity 
and protein homeostasis. Loss of HSF-1 shortens lifespan and increases 
proteotoxicity, whereas, transgenic increases in HSF-1 abundance are only 
moderately beneficial to an organism. Suprisingly, we find that worms with 
a constitutively active form of HSF-1 have a robust increase in lifespan. 
Interestingly, the transcriptional response to the active form of HSF-1 
differs greatly from the normal heat shock stress response. Furthermore, the 
temporal onset of polyglutamine (polyQ) protein aggregation remains 
unchanged with the addition of the active HSF-1 despite extended longevity 
and delayed paralysis due to polyQ expression. Acute activation of HSF-1, 
such as heat shock, regulates the expression of an elaborate chaperone 
network known to bolster protein homeostasis. However, we find that the 
chronic activation of HSF-1 introduces a new set of molecular components 
which may act in combination with or independent of the chaperone 
network to extend the lifespan of worms and protect against proteotoxic 
insult. We examined the nodes of this new HSF1 network in longevity, 
proteotoxic stress and chronic stress. Furthermore, we have extended our 
findings to define which tissues dictate the network regulated by chronic 
HSF1 activation. 
 
*Authors contributed equally 
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C. elegans SKN-1 (Nrf1/2/3 ortholog) is critical for oxidative stress 
resistance, and promotes longevity under normal, reduced insulin/IGF-1-
like signaling (IIS), and dietary restriction (DR) conditions. SKN-1 is 
inhibited by IIS, and regulates genes involved in detoxification, protein 
homeostasis, IIS, and various other processes. We have recently determined 
that SKN-1 plays an important role in the unfolded protein response and ER 
stress resistance, and in maintenance of proteasome activity in the gut. 
SKN-1 therefore has multiple homeostatic or stress related functions in 
addition to its well known role in xenobiotic defense. 
 
In an RNA interference (RNAi) screen for regulators of SKN-1, we 
identified several genes involved in mRNA translation. Inhibition of 
translation is known to increase longevity and stress resistance, and may be 
important for lifespan extensions deriving from DR and inhibition of the 
TORC1 (target of rapamycin complex 1) kinase, which promotes translation 
in response to amino acids and growth signals. One possible model is that 
this longevity derives from decreased energy requirements for protein 
synthesis, but other evidence suggests that specific longevity pathways are 
involved. We have observed that translation initiation factor RNAi confers 
skn-1-dependent oxidative stress resistance, along with longevity increases 
that involve both SKN-1 and DAF-16 (FOXO), and leads to robust 
activation of SKN-1-responsive stress defense genes. We propose that 
interference with translation initiation leads to a transcriptional response 
whereby SKN-1 promotes stress resistance, and functions together with 
DAF-16 to extend lifespan. This response may be beneficial for coping with 
situations that are associated with reduced protein synthesis. Importantly, 
we find that interference with TORC1 signaling has essentially analogous 
effects, suggesting that this transcriptional response to reduced translation 
may be broadly important for longevity. 
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Autophagy is a key biological process by which cellular components are 
degraded and recycled, and this process plays important roles during 
organismal development and aging. In C. elegans, several long-lived 
mutants show an increase in autophagy and, accordingly, autophagy genes 
are necessary for lifespan extension. One conserved longevity mechanism 
studied in our lab is the TOR pathway, which we have shown regulate 
autophagy in C. elegans (Hansen et al., 2008). Here, we present data 
indicating that TOR and TOR-regulated processes play roles in the 
extended longevity ob served in animals without a germline. 
 
In addition to C. elegans, ablation of the germline extends longevity in 
Drosophila and mice (Kenyon, 2010), suggesting a conserved mechanism 
that links germline growth with longevity. We found that C. elegans glp-1 
mutants, which lack a germline at the restrictive temperature due to 
disrupted Notch signaling, display reduced tor mRNA levels and increased 
autophagy. Moreover, RNAi knockdown of several autophagy genes 
specifically suppressed the longevity of glp-1 mutants, but not wild-type 
animals. Based on these observations, we proposed that the impact of TOR 
inhibition on longevity in germline-ablated animals requires functional 
autophagy mechanisms. 
 
To address this hypothesis in more detail, we investigated the role of 
autophagy in lipid metabolism, which is known to participate in the 
longevity of germline-ablated animals. The recent demonstration that the 
LIPL-4/K04A8.5 lipase is sufficient to extend longevity provides one of the 
first clues for how lipid metabolism may connect to longevity (Wang et al., 
2008). We determined that autophagy is also required for lipase-mediated 
longevity. Although lipases are usually associated with lipid degradation, 
we found that over-expression of LIPL-4 enhanced fat storage, accounting 
for the increased fat observed in glp-1 mutants (O’Rourke et al., 2009). This 
result implies that an anabolic mechanism of building lipid stores relies on 
autophagy and lipolysis, two activities usually associated with catabolic 
processes. In sum, we propose that the extended longevity of germline-
deficient animals depends on the redistribution of fatty acids by autophagy. 
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Stress hormesis occurs when a toxic compound elicits beneficial effects at 
low doses, often resulting from induction of protective enzymes. While 
stress hormesis is usually defined as protection against subsequent lethal 
treatments by similar insults, oxidative and thermal stress can extend 
lifespan by stress hormesis mechanisms. However, it is not known if 
sublethal exposure to other types of stresses also confers prolongevity 
benefits. Using a collection of 8 toxic phytochemicals, we found that C. 
elegans lifespan was extended by juglone and plumbagin, which are 
structurally-related free-radical generators. Thus, among this group of 
toxins, longevity by stress hormesis resulted relatively specifically from 
oxidative stress-inducing agents. Mammalian nuclear factor E2-related 
factor 2 (Nrf2), and its C. elegans ortholog SKN-1, mediate protective 
responses to oxidative stress by promoting target gene expression via 
antioxidant response elements (ARE). As expected, skn-1 was required for 
longevity from plumbagin, and plumbagin stimulated expression of SKN-1 
targets. Plumbagin’s high toxicity poses a major limitation for clinical 
translation of hormetic compounds. We identified two plumbagin analogs, 
naphthazarin and oxoline, that could activate SKN-1 and extend C. elegans 
lifespan, but had reduced toxicity. In cultured mammalian cells, 
naphthazarin and plumbagin displayed comparable Nrf2 activation and 
toxicity, while oxoline was less toxic but failed to detectably activate Nrf2. 
Therefore, while our findings demonstrate that prolongevity benefits can be 
accessed by less toxic plumbagin analogs, inherent differences in Nrf2 
signaling or culture conditions may require that these agents be optimized 
for specific applications. 
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Many interventions that extend lifespan involve perturbations to nutrient 
sensing that initiate changes in downstream transcriptional regulation. 
Varying energy intake can trigger programmed transcriptional responses 
through post-translational modification of transcription factors and their 
cofactors, resulting in activation/suppression of target genes. In mammals, 
CRTCs (CREB regulated transcriptional coactivators) are a family of 
cofactors involved in energy homeostasis and ER stress. Here we identify 
the sole C. elegans CRTC family member, CRTC-1, and find that it is 
repressed by AMP- kinase activation, or de-activation of the phosphatase 
calcineurin, two conditions that extend longevity in the worm. Notably, we 
find that lifespan extension resulting from reduced calcineurin activity 
functions exclusively through its effect on CRTC-1 phosphorylation status. 
Further, we show that CRTC-1 binds to the CREB homologue-1 (CRH-1) 
in vivo and is a direct AMPK target. Activating AMPK or deactivating 
Calcineurin decrease CRH-1 activity and increase transcription of ER stress 
response genes, while reduction of either CRTC-1 itself or CRH-1 increases 
lifespan. Taken together, these findings illustrate the molecular mechanisms 
by which an evolutionarily conserved pathway responds to low energy 
levels to increase ER stress response and longevity and provide a new role 
for CRTCs and CREB in regulating lifespan. 
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Calorie Restriction (CR) induces complex metabolic changes and stress 
response in organisms and it is currently unclear how and which of these 
factors play a major role in mediating CR-induced beneficial effects. Recent 
studies have suggested that mitochondrial metabolism and NAD 
(nicotinamide adenine dinucleotide) homeostasis play important roles in 
CR. To further understand the molecular basis of CR, we utilize the 
genetically tractable model system, the budding yeast Saccharomyces 
cerevisiae, to unravel potential novel longevity factors that affect 
mitochondrial activity and NAD metabolism. Our studies may help 
elucidate the regulation and interplay of these longevity related pathways 
and provide insights into the mechanisms of CR. 
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Dietary nutrients are perceived by organism-level sensory systems prior to 
use as a caloric source. Activation of sensory systems can lead to behavioral 
responses, neuroendocrine changes, and alterations in lifespan. We have 
observed increased sensory responsiveness and decreased sleep 
consolidation following dietary restriction in Drosophila Melanogaster. 
This diet-induced sleep phenotype is regulated by sweet-sensing gustatory 
(Gr5a) neurons and negatively regulated by bitter-sensing gustatory (Gr66a) 
neurons. Overfeeding with sugar but not yeast suppresses this sleep 
fragmentation phenotype through a sensory-independent mechanism. This 
represents a novel mechanism by which food may regulate sleep quality in 
humans. We further propose that under dietary restriction conditions, the 
gustatory sensory system may tune the organism for heightened ability to 
detect new food sources and this may be crucial to the pro-longevity 
benefits of dietary restriction. 
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The daf-2 insulin-like signaling pathway is the most potent pathway for lifespan 
extension in C. elegans, converging on the DAF-16 transcription factor to 
regulate a large number of genes including free radical detoxifying genes and 
stress resistance genes. During aging, specific protein damage by reactive 
oxygen species increases exponentially to challenge protein homeostasis. 
Processes impacting protein homeostasis include protein synthesis, folding, 
assembly, repair, translocation and degradation. Activation of stress response 
pathways, with induction of heat shock proteins, is central to the maintenance of 
protein homeostasis after stress. The ability to maintain protein homeostasis 
depends on both chaperone-mediated protein folding (i.e. chronic maintenance) 
and induction of heat shock proteins (i.e. survive acute stress). Additionally, 
chronic growth at higher temperature shortens lifespan and accelerates aging, 
presumably due to increased thermal stress that negatively impacts protein 
homeostasis. Protein homeostasis, as measured through protein aggregation is 
controlled by insulin signaling, dependent on HSF-1 and DAF-16.  
 
From a comprehensive functional genomic screen we have previously identified 
103 genes that are necessary for decreased insulin signaling to extend lifespan. 
Animals are progeric after these gene inactivations by several independent 
measures including: premature age pigment accumulation and increased rate of 
aging, without drastically altering progeny production or an established 
biomarker for C. elegans aging; the activity ratio, or proportion of life an animal 
actively responds to stimuli.  
 
We sought to identify the progeric gene inactivations that impair the heat shock 
response or challenge protein homeostasis. The over-arching goal our research 
is to gain a comprehensive, systems-level understanding of the mechanisms that 
promote longevity in conditions of reduced daf-2 insulin-like signaling. We 
identified the progeric gene inactivations that are necessary for the increased 
thermotolerance conferred by decreased insulin signaling. Additionally, we 
tested the progeric gene inactivations for differential lifespan at varying 
temperature, premature protein aggregation (polyQ), and induction of heat 
shock proteins. This comprehensive functional analysis identifies the subset of 
progeric gene inactivations that negatively impact protein homeostasis after 
acute or chronic stress. Results from this analysis will be presented. 
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Reduced activity of the mitochondrial enzyme MCLK1, which is necessary 
for the biosynthesis of ubiquinone prolongs the lifespan of mice (1-2). In 
young Mclk1+/- mutants there is reduced mitochondrial electron transport 
and increased mitochondrial ROS generation and oxidative stress (3). 
Surprisingly, this condition appears to improve several biomarkers of aging 
measured in 23 months old animals, including mitochondrial function, 
serum isoprostanes and 8-OHdG (1), liver fibrosis and plasma ALT levels. 
Furthermore, Mclk1+/- mice were found to be partially resistant in models of 
age-dependent pathologies, including models of cerebral vascular damage 
(4), sarcopenia, and cancer. To understand this phenomenon we sought to 
identify protective pathways that could be stimulated by increased 
mitochondrial ROS in these mutants. We found that enhanced 
mitochondrial ROS in cells or animals with reduced MCLK1 expression 
stabilize the hypoxia-inducible factor HIF-1α, a transcriptional regulator of 
a variety of protective mechanisms including the native immune response. 
Mclk1+/- mutant mice displayed increased basal and induced expression of 
HIF-1α in liver and macrophages in association with elevated expression of 
inflammatory cytokines, in particular TNF-α. Mutant macrophages showed 
increased classical and decreased alternative activation, and mutant mice 
were hypersensitive to LPS. Consistent with these observations in vivo, 
knock-down of Mclk1 in murine RAW264.7 macrophage-like cells induced 
increased mitochondrial ROS as well as elevated expression of HIF-1α and 
secretion of TNF-α. We used an antioxidant peptide targeted to 
mitochondria to show that altered ROS metabolism is necessary for the 
enhanced expression of HIF-1α, which, in turn, is necessary for increased 
TNF-α secretion. These findings provide previously missing in vivo 
evidence for the action of mitochondrial ROS on HIF-1α activity and 
demonstrate that changes in mitochondrial function within physiologically 
tolerable limits modulate the immune response. Our results further suggest 
that altered immune function through a limited increase in HIF-1α 
expression can positively impact animal longevity. At the meeting we will 
present results on how HIF-1α and the immune response enhance the 
resistance of the mutants to age-dependent diseases.  
 
1. J. Lapointe, Z. Stepanyan, E. Bigras, S. Hekimi, J Biol Chem 284, 20364 (Jul 
24, 2009).  
2. X. Liu et al., Genes Dev 19, 2424 (Oct 15, 2005).  
3. J. Lapointe, S. Hekimi, J Biol Chem 283, 26217 (Sep 19, 2008).  
4. H. Zheng, J. Lapointe, S. Hekimi, Exp Neurol 223, 557 (Jun, 2010). 
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SIRT6 is a mammalian homolog of the yeast Sir2 deacetylase that promotes 
longevity in yeast and invertebrates. Mice deficient for SIRT6 exhibit 
premature aging and genome instability. However, the mechanisms of 
SIRT6 function in genome maintenance and lifespan regulation are unclear. 
Here we show that in mammalian cells subjected to oxidative stress SIRT6 
is recruited to the sites of DNA double-strand breaks (DSBs) and strongly 
stimulates DSB repair. SIRT6 physically associates with PARP1 and mono-
ADP-ribosylates it, leading to stimulation of PARP1 poly-ADP-ribose 
polymerase activity. Our results suggest that SIRT6 promotes genome 
stability by stimulating PARP1 and enhancing DSB repair and other types 
of DNA repair under oxidative stress. We propose that SIRT6 functions as a 
regulator integrating oxidative stress signaling and DNA damage response. 
The theory of hormesis proposes that mild doses of stress may have 
beneficial effects on the organism by stimulating stress and survival 
pathways. This theory has been explored extensively by biogerontologists, 
and was also used to explain life extending effects of food restriction. We 
hypothesize that SIRT6 serves as a mediator of hormetic response, 
promoting longevity by stimulating DNA repair under stressful conditions. 
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It is well established that caloric restriction (CR) extends the lifespan in 
diverse species and delays the onset of a variety of age-associated diseases 
such as cancer, diabetes, cataract, and age-related hearing loss (AHL) in 
mammals. Because CR reduces the age-associated accumulation of 
oxidatively damaged proteins, lipids, and DNA, mechanisms of cell 
protection by CR are thought to involve increased mitochondrial antioxidant 
defenses and the resulting reduction of oxidative damage to these 
macromolecules. A previous report has shown that lifespan extension by 
CR in yeast requires Sir2, a member of the sirtuin family, linking sirtuins 
and CR-mediated retardation of aging. Sirt3 is a member of the mammalian 
sirtuin family that is localized to mitochondria, and as such may play a 
central role in the metabolic reprogramming mediated by CR. Here we 
report that CR reduces nuclear oxidative DNA damage in multiple tissues 
and prevents AHL in wild-type (WT) mice, but fails to mediate these 
phenotypes in mice lacking the mitochondrial deacetylase Sirt3. In response 
to CR, Sirt3 directly deacetylates and activates isocitrate dehydrogenase 2 
(Idh2). This in turn leads to increased NADPH levels and increased ratios of 
reduced to oxidized glutathione in mitochondria. Thus, our findings identify 
Sirt3 as an essential player in enhancing the mitochondrial glutathione 
antioxidant defense during CR, and suggest that the Sirt3 pathway we have 
uncovered may be a major mechanism of aging retardation by CR in 
mammals. 
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Production of new neurons in the adult brain may be important for learning, 
memory, mood, and repair after injury. Aging is associated with a 
continuous decline in the number of new neurons; this decrease may limit 
plasticity and repair of the nervous system and contribute to age-related 
cognitive impairment. The basic mechanisms underlying this age-related 
decline in neurogenesis are not understood and may be driven by a host of 
different processes, including a decrease of size of the neural stem cell pool, 
diminished proliferative capacity of stem cells or their progeny, reduced 
survival of stem cells or their progeny, or reduced neuronal lineage 
commitment. Our results indicate that the main mechanism driving the age-
related decrease in hippocampal neurogenesis is the disappearance of neural 
stem cells via their conversion into mature hippocampal astrocytes. This 
astrocytic differentiation is coupled to a rapid succession of asymmetric 
divisions of the activated stem cells that had been quiescent during the 
postnatal period. Thus, unlike the periodic activation of quiescent stem cells 
in a range of tissues, hippocampal stem cells, once activated, leave the pool 
of stem cells. We describe the life cycle of an adult neural stem cell and 
propose a “disposable stem cell” model which reconciles the age-related 
decrease in neurogenesis, the age-related increase in astrocytes, the 
disappearance of hippocampal neural stem cells, and continuous remodeling 
of the neurogenic niche. 
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Regenerative processes are critical to maintain homeostasis in high-turnover 
tissues. At the same time, proliferation of stem and progenitor cells has to 
be carefully controlled to prevent hyper-proliferative diseases. Mechanisms 
that ensure this balance, and thus promote proliferative homeostasis, are 
expected to be critical for longevity in metazoans.  
The intestinal epithelium of Drosophila provides an accessible model in 
which to test this prediction. In aging flies, the intestinal epithelium 
degenerates due to over-proliferation of intestinal stem cells (ISCs) and 
mis-differentiation of ISC daughter cells, resulting in intestinal dysplasia. 
Here we show that conditions that improve proliferative homeostasis in this 
tissue extend lifespan. These conditions include reduced Insulin/IGF or Jun-
N-terminal Kinase (JNK) signaling activities, as well as over-expression of 
cytoprotective genes in the ISC lineage. Interestingly, proliferative activity 
in aging intestinal epithelia predicts longevity over a range of genotypes, 
with maximal lifespan when intestinal proliferation is reduced but not 
completely inhibited.  
Our results highlight the importance of the balance between regenerative 
processes and strategies to prevent hyperproliferative disorders, and 
demonstrate that promoting proliferative homeostasis in aging metazoans is 
a viable strategy to extend lifespan.  
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The germline stem cell niche in the Drosophila male gonad is located at the 
apical tip of the testis where stem cells are in contact with the hub, a cluster 
of approximately 10 somatic cells that is required for stem cell self-renewal 
and maintenance. The hub expresses the self-renewal factor Unpaired 
(Upd), which is a cytokine-like molecule that activates the JAK-STAT 
signaling pathway to specify stem cell maintenance. Our lab recently 
demonstrated that aging results in decreased expression of upd within hub 
cells, which is accompanied by a decline in the average number of male 
GSCs in older males. These data indicate that the hub is not a static 
structure and suggest that factors may be in place to maintain an active stem 
cell microenvironment.  
 
We have identified IGF-II mRNA binding protein (Imp) as one factor that 
contributes to maintaining the niche. Imp is highly expressed in early germ 
cells and hub cells of young adults. Larvae carrying loss of function 
mutations in Imp contain fewer GSCs, which can be completely restored by 
over-expressing Imp specifically in hub cells. RNAi-mediated “knock-
down” of Imp in hub cells leads to a reduction in upd expression and loss of 
GSCs, and overexpression of either Imp or upd is sufficient to suppress the 
loss of GSCs. In addition, Imp expression suppresses GSC loss induced by 
Dicer2 overexpression, suggesting that Imp-mediated regulation could stem 
from mRNA protection from endogenous small interfering RNAs. 
However, Imp expression decreases in hub cells of older males, similar to 
upd, which is due to targeting of Imp by the heterochronic microRNA let-7. 
Our data reveal how small RNAs can act at multiple levels to target key 
self-renewal pathways, resulting in loss of stem cell niche function and 
decreased stem cell maintenance with age. 
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Inflammation underlies almost every major disease associated with aging, 
including many cancers. We have proposed that cellular senescence, a well 
known mechanism for cancer prevention, is an important driver of aging 
and age-related diseases. Cellular senescence occurs in response to 
irreparable DNA damage and other potentially oncogenic stresses, and 
entails an essentially permanent cell cycle arrest. We have shown that 
senescent cells secrete high levels of pro-inflammatory cytokines, proteases 
and other proteins that can cause inflammation and disrupt the tissue 
microenvironment, a phenotype we term the senescence-associated 
secretory phenotype (SASP). Interleukin-6 (IL-6) and interleukin-8 (IL-8) 
are among these secreted proteins, and are important signaling elements that 
can reinforce the senescence growth arrest. The trigger and pathways that 
regulate the SASP are not well understood. We found that the membrane-
bound form of interleukin-1 alpha (IL-1α) is essential for triggering the 
signaling pathway that leads to the secretion of IL-6 and IL-8. While 
senescent fibroblasts do not significantly secrete IL-1α, it can be detected 
both intracellularly and on the cell surface. This surface fraction can then 
bind IL-1 receptors in the plasma membrane and fully activate a signaling 
pathway that entails activation of NF-κB and subsequent transcription of the 
IL-6 and IL-8 genes. This initial cell autonomous signal therefore 
establishes IL-1α as an upstream regulator of senescence-associated IL-
6/IL-8 expression and secretion. Neutralizing antibodies to IL-1α and IL-1α 
depletion by RNA interference drastically reduced IL-6 and IL-8 secretion. 
IL-1α was also required for IL-6 and IL-8 secretion by cells induced to 
senesce by oncogenic Ras or chromatin relaxation, indicating that this 
cytokine was a general upstream regulator of the SASP components IL-6 
and IL-8. Notably, conditioned medium collected from IL-1α-depleted 
senescent fibroblasts markedly reduced the invasiveness potential of the 
metastatic human breast cancer cell line MDA-MB-231, which was 
previously shown to be dependent on IL-6 and IL-8. Our data establish IL-
1α as an essential positive regulator of the senescence-associated IL-6/IL-8 
cytokine network. 
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Activation of p53 limits the proliferative capacity of primary cells in 
response to telomere dysfunction by induction of cell cycle arrest 
(senescence) or apoptosis. In vivo, telomere shortening impairs stem cell 
function, organ maintenance and lifespan in mouse models and in humans 
carrying mutations in the telomerase enzyme. Previous experiments in 
telomerase knockout mice have shown that deletion of p21 partially rescues 
the organismal defects induced by telomere dysfunction. The contribution 
of apoptosis to age associated impairments in the context of telomere 
dysfunction has yet to be determined. PUMA is one of the primary targets 
genes of p53 inducing apoptosis in various tissue compartments in response 
to genotoxic stress. Here we investigated consequences of PUMA deletion 
on aging of telomerase deficient mice with dysfunctional telomeres. The 
study shows that PUMA deletion leads to a significant elongation of the 
lifespan of telomere dysfunctional mice. This rescue was associated with 
reduced rates of apoptosis in progenitor cell compartments resulting in an 
improvement in lymphopoiesis and in the maintenance of the intestinal 
epithelium. Moreover, transplantation experiments revealed that PUMA 
deletion improved the repopulation capacity of telomere dysfunctional, 
hematopoietic stem cells. The rescue in organ maintenance and lifespan in 
response to PUMA deletion in telomere dysfunctional mice was incomplete 
compared to telomerase wildtype mice with functional telomeres. 
Limitations in organ maintenance of aging double knockout mice (PUMA 
and TERC) were associated with an accumulation of cell cycle arrested 
organ cells overexpressing p21. Together, these results provide the first 
experimental evidence that PUMA dependent apoptosis contributes to the 
limitation in organ maintenance and lifespan induced by telomere 
dysfunction. The results suggest that p53 dependent apoptosis and cell cycle 
arrest act in parallel pathways limiting cellular and organismal functions in 
response to telomere dysfunction. 
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Mutations in the human WRN gene cause the premature ageing Werner 
syndrome (WS), a disorder that closely phenocopies normal human ageing. 
WRN encodes a DNA helicase of the RecQ helicase family, but is uniquely 
has an additional 3'-5' exonuclease function. We have previously identified 
the protein encoded by the CG7670 locus in the fruitfly Drosophila 
melanogaster as an orthologue of the human WRN exonuclease domain and 
shown that Drosophila WRN exonuclease (DmWRNexo) has 3'-5' 
exonuclease activity. DmWRNexo mutations result in elevated rates of 
mitotic recombination and sensitivity to the DNA replication fork 
collapsing agent, camptothecin, consistent with findings in human WS. 
Here, we show that a strongly hypomorphic piggyBac insertional mutation 
of the DmWRNexo gene disrupts early embryogenesis, with marked defects 
in nuclear division resulting in embryonic lethality. Using live fluorescence 
microscopy imaging, we have investigated the basis of this maternal-effect 
embryonic lethality; the first observable defect is incomplete sister 
chromatid separation at mitosis leading to formation of anaphase bridges, 
ultimately leading to loss of the affected nuclei from the syncytial embryo. 
We hypothesise that this chromatid separation defect may arise from 
incomplete DNA synthesis in the absence of WRN exonuclease, suggesting 
a critical role for the exonuclease activity of WRN in DNA replication, 
perhaps in processing of stalled forks. 
Our Drosophila model of WS provides an extremely useful tool for 
examining the relevance of the unique exonuclease function in human 
WRN and its contribution to the molecular mechanisms behind the 
pathologies associated with DNA instability and premature ageing. 
 
We gratefully acknowledge the support of Research into Ageing (now 
AgeUK), the BBSRC ([BB/E000924/1], [BB/E002072/1]) and ESRC 
[ES/G037086/1]. 
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Mesenchymal stem cells (MSCs) are adult stem cells that can differentiate into 
a variety of cell types, like osteoblasts, adipocytes and chondrocytes. However, 
aged human MSCs show a decline in differentiation potential and proliferation 
rate. Therefore we have investigated the role of aging related molecule SIRT-1 
in MSCs by creating MSC specific SIRT-1 knock-out (MSCKO) mice. Namely, 
we have crossed mice with Cre recombinase expression driven by the Prx-1 
promoter with SIRT-1 floxed exon 4 mice. Aged MSCKO mice (2.2 years old) 
showed reduction in bone volume and subcutaneous fat weight. Cortical bone 
thickness and trabecular volume/bone were reduced 25% and 23%, respectively, 
as a result of reduced numbers of osteoblasts and osteoclasts and bone 
formation rate. Aged MSCKO mice had 64% reduction in the subcutaneous fat 
weight with smaller adipocytes, leading to overall reduction of 29% in body 
weight and increased blood tryglicerides. Furthermore, analysis of the bone 
marrow cells showed reduced number of MSCs (45%), adipocytes (73%) and 
increased number of hematopoetic cells with lymphocyte predominance (34% 
increase). MSCs isolated from bone marrow of MSCKO mice showed reduced 
proliferation in vitro and reduced differentiation towards osteoblasts, adipocytes 
and chondrocytes (48, 35 and 33%, respectively). Lentiviral expression of wild-
type (WT) Sirt-1, but not a deacetylase-inactive (HY) point mutant of Sirt-1, 
was able to restore the differentiation potential of MSCKO MSCs. Microarray 
analysis of MSCs showed a significant reduction in the gene expression of β-
catenin pathway in MSCKO cells, which was confirmed by qPCR analysis of β-
catenin targets, like cyclin D1, runx, C/ebp and Sox9. The lack of SIRT-1 in 
MSCKO MSCs also lead to the reduction of endogenous β -catenin activity as 
detected by using a luciferase reporter TOP-flash assay. Immunofluorescent 
staining of MSCs transfected with the stable form of ß-catenin mutated at 
residue 41 (T to A) showed ß-catenin in the nucleus of WT, but not of MSCKO 
cells. Since SIRT-1 deacetylates ß-catenin we have tested whether deacetylated 
form of ß-catenin can restore the phenotype of SIRT-1 MSCKOs. Indeed, 
transfection with ß-catenin mutants resistant to acetylation, that have K 
substituted with R at residue 49 and/or 345, lead to nuclear localization of ß-
catenin and restored proliferation and differentiation of SIRT-1 knock-out 
MSCs towards osteoblasts and adipocytes. In conclusion, SIRT-1 is required for 
differentiation of MSCs towards bone and subcutaneous fat in vivo by 
deacetylating ß-catenin and thus promoting its nuclear localization and 
transcription leading to proliferation and differentiation of MSCs. 
 99 
USING IPSC TECHNOLOGY TO STUDY AGEING AND 
DEDIFFERENTIATION OF SENESCENCE CELLS 
 
Guanghui Liu, Sergio Ruiz, Shenglian Yang, Leo Kurian, Christopher 
Walsh, Athanasia Panopoulos, Jing Qu, Juan Carlos Belmonte  
 
The Salk Institute for Biological Studies, Gene Expression Laboratory, La 
Jolla, CA, 92037 
 
Despite recent advances, we are still lacking appropriate cell models to 
mimic normal human ageing and study ageing-related human diseases. 
Very recently, striking similarities between physiological ageing and the 
premature-ageing disease Hutchinson-Gilford Progeria Syndrome (HGPS) 
have been reported. For example, cells from HGPS patients exhibit 
extensive nuclear defects, including abnormal chromatin structure, 
increased oxidative stress / DNA damage, and shortened telomeres, all 
factors that have been linked to physiological ageing and cell senescence. In 
addition, the common causes of death in HGPS patients are chronic 
conditions commonly found in elderly people, such as coronary artery 
disease and stroke. Thus, HGPS cells and tissues might be an ideal model to 
gain insights into human ageing.  
 
Human induced Pluripotent Stem cells (iPSCs) have similar features to 
human embryonic stem cells (ESCs). Theoretically, patient-specific iPSCs 
can be differentiated into various affected cell types, thus allowing to model 
and study human disease.  
 
Here, we successfully generated iPSCs from HGPS patients. We found that 
the extensive lamina and epigenetic (here refer to as “laminepigenetic”) 
defects reported in HGPS fibroblasts were erased in the derived iPSCs, 
where the expression of lamin A and progerin was lost. Re-differentiation 
of HGPS-iPSC was able to regain laminepigenetic defects in a progerin-
dependent manner. Furthermore, we generated genetically modified HGPS-
iPSC that could not induce progerin after differentiation. Finally, by 
studying the reprogramming of HGPS fibroblasts, we have uncovered an 
avenue for combining iPSC technology with human ageing, providing a 
model that may allow us to gain insights into ageing related human 
diseases.  
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Hutchinson-Gilford progeria syndrome (HGPS) is a rare genetic disorder 
with some features suggestive of premature aging. Children are normal at 
birth but during their first years of life they start developing symptoms of 
disease including severe growth retardation and failure to thrive. Children 
with the disease have loss of subcutaneous fat and hair, scleroderma-like 
skin changes, and osteoporosis. Death occurs on average at age 13, usually 
from cardiac disease and other manifestations of atherosclerosis. Most of 
the cases are caused by a point mutation in exon 11 of the LMNA gene. The 
mutation cause increased usage of a cryptic splice site and the production of 
an unprocessed prelamin A protein with a 50 amino acid deletion, named 
progerin or lamin AΔ50. Targeted expression of the HGPS mutation in the 
skin of mice results in a progressive phenotype with initial stages of 
epidermal hyperplasia and an end point disease characterized by epidermal 
hypoplasia, fibrosis and loss hypodermis. Primary keratinocytes isolated 
from these mice and cultured in vitro exhibit a reduced proliferative 
potential and ability to form colonies. FACS analysis of the isolated 
keratinocytes show a decreased population of cells expressing stem cell 
markers when compared to wildtype mice. Additional results from label-
retaining cell analysis show a reduced proliferative potential in vivo. 
Analysis of proliferating cells revealed disorganized and delayed re-
epithelization in wounds of HGPS mice, indicating stem cell dysfunction. 
Our results are indicative of a HGPS disease mechanism suggestive of 
premature exhaustion of adult stem cells. 
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Mitochondrial damage can increase the levels of reactive oxygen species 
(ROS), such as superoxides and hydrogen peroxides. In culture, high levels 
of mitochondrial ROS can induce cellular senescence, but it is unclear 
whether this is the case in vivo. Given that superoxide dismutase 2 (sod2) is 
the main antioxidant enzyme that scavenges mitochondrial superoxide, we 
hypothesized that mice lacking the sod2 gene would experience more 
mitochondrial oxidative damage, leading to increased cellular senescence. 
Here, we examined the epidermis of young wild-type (WT) mice, and age-
matched mice harboring a germline deletion of the sod2 gene. The activity 
of mitochondrial electron transport chain complex II, but not complex IV, 
was impaired in the epidermis of sod2-deficient mice, as indicated by 
histological staining for succinate dehydrogenase (SDH) and cytochrome c 
oxidase (COX) activity, respectively. In parallel, senescent cells, as 
determined by the late senescence marker senescence-associated beta-
galactosidase activity, were significantly more prominent in the sod2-
deficient cornified layer compared to the WT cornified layer. Interestingly, 
cells showing loss of nuclear HMGB1, an early senescence marker, were 
more numerous in the epidermis of sod2-deficient mice relative to those of 
WT mice, suggesting that senescence was induced in the basal skin layers 
and that senescent cells can migrate to the outer layers. Finally, sod2-
deficient mice showed significant thinning of the epidermis relative to WT 
mice, a phenotype that is characteristic of aging skin. These results provide 
evidence for a contribution of sod2 in limiting mitochondrial oxidative 
damage and cellular senescence in the skin, and raise the possibility that 
mitochondrial oxidative stress and cellular senescence contribute to the age-
associated loss of epidermal thickness. 
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The FoxO family of transcription factors promotes longevity in various 
species. Interestingly, variations in FoxO3, one of the FoxO isoforms, are 
associated with extreme longevity in humans. We previously showed that 
adult mice lacking FoxO3 display a premature depletion of neural stem cells 
(NSCs) in vivo and impaired NSC self-renewal and multipotency in vitro, 
suggesting that FoxO3 prevents the depletion of the NSC reservoir during 
aging. As NSCs have recently been implicated in adult learning and 
memory, understanding how FoxO3 acts to preserve these cells may have 
important implications for age-dependent cognitive decline. To determine 
the function of FoxO3 in NSC homeostasis, we identified FoxO3 binding 
sites in NSCs using chromatin immunoprecipitation followed by ultra-high 
throughput sequencing (ChIP-seq). We find that FoxO3 binds to 4000 
genomic regions in adult NSCs, 3000 of which are in close proximity to 
genes. FoxO3-bound genes are enriched for genes whose expression 
changes with age or during neurodegeneration, suggesting a role for FoxO3 
in preventing these processes. FoxO3 also binds to promoters of genes that 
are enriched for genes involved in ‘stemness’, which can also contribute to 
NSC homeostasis during aging. Intriguingly, FoxO3-bound chromatin 
regions in NSCs are enriched in a consensus motif for the Ascl1/Mash1 
transcription factor, a critical regulator of both NSC maintenance and 
neuronal fate determination. Genome-wide analysis of Ascl1 binding in 
NSCs using ChIP-seq revealed that 70% of FoxO3-bound genes also 
contain Ascl1 binding sites, suggesting that the ‘pro-longevity’ factor 
FoxO3 and the ‘pro-neural’ factor Ascl1 function together to maintain self-
renewal and multipotency of adult NSCs. Finally, we have recently 
identified the gene expression program regulated by FoxO3 in NSCs, and 
the chromatin landscape at FoxO3 target genes, using a combination of 
RNA-seq and ChIP-seq for specific histone marks. We are currently 
analyzing how FoxO3 target gene expression and the surrounding 
chromatin landscape change in aging NSCs. Understanding the network 
regulated by FoxO3 in NSCs will give important insights into the 
mechanisms underlying the maintenance of NSCs in vivo, and may help 
prevent the depletion of NSCs during aging. 
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Dietary methionine restriction (MR) has been shown to extend lifespan and 
to attenuate development of disease in rodents. When initiated in young 
rats, MR inhibits fat deposition, prevents development of insulin resistance 
and dyslipidemia, and increases levels of the adipocytokine, adiponectin. 
Unlike calorie restriction (CR), MR raises energy expenditure, an effect 
associated with increased expression of genes associated with mitochondrial 
biogenesis and/or aerobic capacity in adipose tissue, liver, and skeletal 
muscle. Metabolic and biochemical analyses revealed that energy 
expenditure in MR rats appears to be driven by fatty acid oxidation and 
mobilization of lipids. Recent evidence from our laboratory indicates that 
MR downregulates the expression of stearoyl-CoA desaturase 1 (SCD-1) in 
the liver of Fischer 344 rats. SCD-1 catalyzes synthesis of monounsaturated 
fatty acids, namely oleate and palmitoleate, which serve as substrates for the 
formation of phospholipids, triglycerides, and cholesterol. Because SCD-1 
is associated with obesity, insulin resistance, and steatosis, it seems likely 
that MR-mediated effects that promote insulin sensitivity may be associated 
with changes in hepatic lipid metabolism. To examine the effect of MR on 
hepatic lipid metabolism, leptin-deficient male obese (ob/ob) mice, prone to 
develop steatosis, were subjected to control (CF; 0.86% methionine) or MR 
(0.12% methionine) diets for 14 weeks. MR lowered blood glucose and 
reduced serum levels of two markers of hepatic injury, AST and ALT, by 
70% and 85% respectively. These lower transaminase levels coincided with 
prevention of both hepatomegaly and steatosis in MR animals. Further, total 
and high molecular weight serum adiponectin levels were significantly 
increased after 6w of MR, and this effect was sustained throughout the 
study. Quantitative RT-PCR revealed that Scd-1 and Tnf-α gene expression 
was significantly reduced, while the expression of PPARγ, CD36, Acadvl, 
Dgat1, and ChREBP was upregulated in MR-treated ob/ob mice. This study 
provides evidence for MR-mediated changes in hepatic lipid metabolism, 
possibly through the downregulation of SCD-1 and the upregulation of 
adiponectin and suggests that MR could be a potential intervention for the 
treatment of non-alcoholic fatty liver disease. 
*Both authors contributed equally to the design of the study 
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Caloric restriction was shown to extend lifespan of many eukaryotic 
species, from yeasts to mammals. In the last years an attempt is being made 
to decipher the genetic pathways linking reduced calorie intake with 
extended lifespan. Evidence suggests that these genetic pathways could be 
partially conserved in evolution, as being shown by the ability of the SIR2 
gene in Saccharomyces cerevisiae and its orthologs in some of the higher 
eukaryotic organisms, to mediate some of the lifespan increase by calorie 
restriction in these organisms. The Forkhead family of proteins is a partially 
conserved family of transcription factors which share similarly shaped 
DNA-binding domain. A member of this family is known to extend the 
lifespan of several multi-cellular organisms, in a pathway which is 
negatively controlled by the insulin/IGF1 molecules. It is unknown whether 
this pathway is mediating the lifespan increase by calorie restriction. 
Recently it was found that a different protein member of this family in the 
organism Caenorhabditis elegans has a role in mediating some of the 
lifespan extension phenotype by calorie restriction, with no connection to 
the insulin/IGF1 pathway. This new evidence that Forkhead proteins 
mediate lifespan increase not only downstream of the endocrinic 
insulin/IGF1 pathway, but also downstream of calorie restriction diet, made 
it interesting to check the effects of this protein family on the lifespan of the 
unicellular yeast. The yeast S.cerevisiae has 4 Forkhead proteins: HCM1, 
FHL1, FKH1 and FKH2. Thus, we examined whether this family of 
proteins can mediate lifespan in S.cerevisiae, in particular under calorie 
restriction conditions. We will discuss the effect of each yeast forkhead on 
lifespan and the mechanism underlying these effects. 
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The aim of our research program is to elucidate the molecular mechanisms 
and cellular pathways that drive cellular senescence in primary cell cultures 
(human cells ex vivo). Previous work from the group and other scientific 
studies have shown the up-regulation of several senescence biomarkers and 
expression of senescence phenotype with age in human fibroblasts (Up-
regulation of p21, p53, p16, expression of telomere erosion, senescence 
associated β-Gal, senescence derived DNA damage foci etc). As part of the 
project, we will culture human diploid lung fibroblasts (MRC-5), human 
foreskin fibroblasts (HFFs) and human peripheral blood mononuclear cells 
(PBMCs). The effect of different concentrations of antioxidants (Ebselen, 
N-Acetyl L-Cysteine, MitoQ) and altered O2 tension culture conditions on 
human PBMCs have previously been successfully experimented as part of 
age related studies in our group. We will evaluate certain senescence 
associated biomarker expression in these primary cells and the cells will be 
subjected to high-throughput sequencing to analyze the mRNA expression 
levels. Furthermore, the impact of exogenously applied stressors and 
alterations of O2 tension culture conditions on human cells will also be 
analyzed to determine stressor concentrations or parameter values leading to 
cell death. Additionally we might investigate the protein expression level of 
these markers to clarify whether they correlate with the mRNA expression 
levels. The results from other experimental models (C.elegans, N.furzeri, D. 
rerio and mice) conducted as part of this project in our institute would 
therefore enable us to evaluate specific genes or markers which are 
commonly up or down-regulated among the model systems. Furthermore, 
our data will be incorporated into the data and knowledge based 
construction of cellular and molecular network models that are related to 
aging processes. Also, the knowledge from the existing scientifically 
relevant (age research and other related work carried out previously) 
literature will be incorporated into the data mining system. This database on 
molecular, cellular and organismic aspects of aging will constantly be 
updated and managed. 
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In our body, various biological functions are getting fragile and dysfunction 
with advancing age. Immunological responses, such as lymphocyte 
activation and antibody or cytokine secretion, are also gradually impaired 
and reached in immunosenescence, although its defined molecular 
mechanism remains veiled. We have recently identified a novel guanine 
nucleotide exchange factor (GEF) for Cdc42, Zizimin2 which highly 
expressed in murine splenic germinal center B cell after immunization with 
T cell dependent antigen.   
We have focused to investigate a positive correlation between Zizimin2 
expression of lymphoid tissues and a decline of the secondary immune 
response found in the aged mice. Consequently, we demonstrated the 
expected immune system specific Zizimin2 expression was decreased with 
aging and especially, after T cell dependent antigen stimulation into 
C57Bl/6 wild type mice, we found the inducible expression of Zizimin2 in 
spleen from aged mice (~24 month-old) is obviously down-regulated in 
spleen from young mice (~6 week-old).  
It has been known that Cdc42 facilitates formation of filopodia, which is 
protrusion on cell surface. Over-expression of full length Zizimin2, 
localized at plasma membrane, induced filopodia formation. CZH2 domain, 
which localized in cytoplasm, has dominant negative effect for filopodia 
formation. These results suggest that interaction of Zizimin2 and Cdc42 
through CZH2 domain in Zizimin2 is required for induction of filopodia 
formation. We next analyzed the functions of Zizimin2 on GM-CSF 
stimulated murine bone marrow derived dendritic cells (BMDC). 
Especially, we introduce the correlation between the activation signals for 
BMDC and the expression and localization of Zizimin2 protein. Since we 
examine the further in vivo physiological role of Zizimin2 in 
immunosenescence, we have established the Zizimin2 gene deficient mutant 
mice (Ziz2 KO mice). Therefore, we also introduce a brief glimpse of our 
current information on Ziz2 KO mice. 
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Bax is an inducer of programmed cell death. In our previous study, yeast-
based functional screening identified Ku70 as a Bax inhibitor. Ku70 is 70 
kDa protein expressed in the cytosol and nucleus, and Ku70 is required for 
the nonhomologous end-joining (NHEJ) pathway of DNA double strand 
break (DSB) repair in the nucleus. In the cytosol, Ku70 binds to Bax, and 
this interaction inhibits the cytotoxic activity of Bax. Ku70 null mice show 
a premature aging phenotype due to the absence of NHEJ-dependent DSB 
repair. We hypothesized that increased sensitivity to Bax-mediated cell 
death may contribute to the disease phenotype of Ku70 null mice. To 
determine our hypothesis, ku70-/-bax+/- and ku70-/-bax-/- mice were 
generated (all mice were on C57BL background). Interestingly, both ku70-
/-bax+/- and ku70-/-bax-/- had a longer life spans than ku70-/- mice. The 
50% mortality of ku70-/-, ku70-/-bax+/-, ku70-/-bax-/- was 21 weeks 
(n=36), 36 weeks (n=20), and 37 weeks (n=7) respectively. Some of these 
mutant mice developed T-lymphoma (ku70-/- (17%<), ku70-/-bax+/- 
(33%), and ku70-/-bax-/- (20%)). Ku70-/- MEFs (mouse embryonic 
fibroblasts) showed increased apoptosis sensitivity and accelerated cellular 
senescence during passage in comparison with wild type MEFs, as 
previously reported. ku70-/-bax+/- and ku70-/-bax-/- showed significantly 
higher survival in the apoptosis sensitivity test than ku70-/- MEFs. Cellular 
senescence of MEFs was analyzed including expressions of senescence 
associated β-galactosidase and phospho-γ H2AX. Bax deficiency did not 
show significant effects on the onset of cellular senescence of ku70-/- 
MEFs. The lung alveoli of ku70-/- mice were structurally normal (single 
alveolar cell layer); however, the lungs of ku70-/-bax+/- and ku70-/-bax-/- 
mice had abnormal multiple alveolar cell layers. The mechanism of this 
abnormal alveolar development is under investigation. We collected data for 
age-dependent body weight change, organ weight, histological analysis of 
organs, blood cell count, and locomotion activities of these mutant mice. 
These data suggest that Bax-deficiency improved the overall health 
condition of Ku70 null mice. The present study suggests that increased Bax-
mediated apoptosis rather than increased cellular senescence may be the 
major cause of the shortened life span of Ku70 null and NHEJ-defective 
mutant mice. 
 108 
HISTONE METHYLTRANSFERASES AND DEMETHYLASES 
AFFECT LONGEVITY IN C. ELEGANS 
 
Travis J Maures, Eric L Greer, Anne Brunet Brunet  
 
Stanford University, Genetics, Palo Alto, CA, 94305 
 
The plasticity of the aging process raises the possibility that epigenetic 
changes are important for longevity. Histone methylation is a reversible 
epigenetic mark that regulates the state of chromatin, and has been shown to 
be crucial during development and for stem cell function. A small number 
of enzymes that regulate histone methylation have recently been implicated 
in longevity, but relatively little is known concerning their mode of action. 
Using a targeted RNAi screen in fertile worms, we have discovered a 
number of histone methyltransferases that regulate C. elegans longevity. 
We showed that the ASH-2 complex, which facilitates the trimethylation of 
histone H3 at lysine 4 (H3K4me3), a mark associated with active 
chromatin, acts as a key regulator of lifespan. ASH-2 acts at least in part in 
the adult germline to regulate lifespan, suggesting interplay between the 
germline and the soma for lifespan regulation. We have recently conducted 
another targeted RNAi screen to identify histone demethylases that regulate 
C. elegans lifespan. The full results of this screen will be presented at the 
meeting. Briefly, we have found that a demethylase for H3K27me3, a mark 
associated with heterochromatin silencing, also regulates C. elegans 
lifespan. This H3K27me3 demethylase appears to act independently of the 
germline to regulate longevity. We are currently examining the mechanisms 
of action of this demethylase, and the results will be presented at the 
meeting. Together, our findings suggest that the tight regulation of histone 
methylation and chromatin state is an important determinant in organismal 
aging. 
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Sirtuins are an evolutionarily conserved family of NAD+-dependent protein 
deacetylases, which have been shown to play important roles in the 
regulation of gene transcription, cellular metabolism, and aging. Optimal 
Sirtuin activity requires the maintenance of adequate intracellular NAD+ 
concentration through the combined action of NAD+ biosynthesis and 
salvage pathways. Nicotinamide (NAM) is a key NAD+ precursor that is 
generated as a byproduct of the Sirtuin-mediated deacetylation reaction, but 
also feedback inhibits the enzyme. In the budding yeast, Saccharomyces 
cerevisiae, the inhibitory NAM is cleared by conversion to nicotinic acid by 
the nicotinamidase, Pnc1. Isonicotinamide (INAM) is an isostere of NAM 
that has been shown to activate yeast Sir2 by antagonizing the inhibition 
caused by NAM, which in vivo, leads to enhanced transcriptional silencing. 
We have now determined that INAM also activates Sir2 through an 
additional mechanism in vivo, which is by inducing an increase of the 
intracellular NAD+ concentration. The INAM-induced increase in NAD+ 
requires both Pnc1 and Npt1 enzymes of the NAD+ salvage pathway. 
However, INAM itself is not utilized as a substrate for deamidation by 
recombinant Pnc1 in vitro, suggesting that INAM triggers the production of 
NAM through another pathway that then feeds into the salvage pathway. 
Yeast cells grown in media lacking nicotinic acid have reduced intracellular 
NAD+ concentration and a relatively short replicative lifespan. We 
determined that the addition of INAM restored the optimal NAD+ 
concentration under this growth condition and extended the replicative 
lifespan in a SIR2-dependent manner. This result is similar to the effects of 
exogenous nicotinamide riboside (NR) on yeast replicative lifespan. 
Possible roles for NR and the NR salvage pathways in the INAM effect on 
NAD+ biosynthesis are currently being investigated. 
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Nicotinamide adenine dinucleotide (NAD) is a universal cofactor involved 
in many important biological events, such as redox reactions, cellular 
signaling, and transcription. In mammals, nicotinamide 
phosphoribosyltransferase (NAMPT) is the rate-limiting enzyme in the 
biosynthesis of NAD from nicotinamide and regulates the activity of the 
mammalian NAD-dependent protein deacetylase SIRT1 (JBC 279: 50754-
50763, 2004). We have previously demonstrated that systemic NAD 
biosynthesis, mediated by intra- and extracellular NAMPT, plays an 
important role in the regulation of glucose-stimulated insulin secretion 
(GSIS) in pancreatic β cells (Cell Metab 6, 363-375, 2007). NAMPT-
mediated biosynthesis appears to decline over age, leading to the functional 
decline in β cell function. Remarkably, NMN, a key NAD intermediate and 
a product of the NAMPT reaction, restores GSIS when administered to aged 
mice (Aging Cell 7: 78-88, 2008).  
Consistent with this notion, we have recently found that NMN 
administration significantly improves glucose tolerance in high fat diet-
induced diabetic mice. Microarray and qRT-PCR from liver samples 
confirm these in vivo results, indicating that the expression of genes 
involved in inflammation, metabolic homeostasis, and circadian rhythm is 
significantly altered by high fat diet, but is then corrected after treatment 
with NMN. GSIS in primary islets from high fat diet-fed mice also show 
improved insulin secretion after the addition of NMN to the media. To 
further test whether NMN can also ameliorate age-associated metabolic 
complications, NMN was administered to aged, naturally occurring diabetic 
male mice. Glucose tolerance was improved dramatically, insulin secretion 
was increased, and lipid levels were decreased. Aged wild-type B6 females 
were given a high fat diet for six weeks before NMN treatment to induce 
diabetes. Their glucose tolerance and glucose profiles were also drastically 
improved. Cholesterol, triglycerides, and free fatty acids all significantly 
increased after feeding a high fat diet, but were significantly decreased after 
treatment with NMN. These results confirm the efficacy of NMN and also 
provide new insights into the physiological significance of NAMPT-
mediated NAD biosynthesis in the regulation of glucose homeostasis. NMN 
can be a potential nutriceutical to treat metabolic complications due to 
aging. 
*The authors contributed to this work equally. 
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Germ cell lineages are considered to be immortal in that they contain the 
capacity for unlimited proliferative ability, even through successive 
generations. In contrast, somatic cells function for a singular generation. In 
order to better understand how proliferative aging is prevented in the germ 
cell, C. elegans mortal germline mutants were isolated. These mortal 
germline mutants show progressive sterility when propagated for multiple 
generations. For the mrt-4 mortal germline mutant, an EMS mutagenesis 
screen was conducted and 4 suppressors of the progressive sterility 
phenotype were isolated. Analysis of these strains suggests that the 
“damage” that is prevented by mrt-4 builds up in a stochastic manner, 
similar to forces that affect post-mitotic lifespan. Further, high levels of this 
damage can elicit multiple developmental abnormalities, in addition to 
progressive sterility. Our results suggest that endogenous levels of the 
damage prevented by mrt-4 can be modulated, and that its effects may be 
mediated by a stress response pathway. We hypothesize that the damage 
prevented by mrt-4, which encodes a novel gene product, may be relevant 
to proliferative ageing of some pluripotent somatic cell lineages in 
mammals. 
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Aging induces the declining of tissue function by affecting at molecular, 
cellular, and organelle levels, and increases susceptibility to geriatric 
diseases including diabetes, arteriosclerosis and so on. Premature aging 
syndromes, such as Hutchinson-Gilford Progeria Syndrome (HGPS) and 
Werner Syndrome (WS), are characterized by accelerated aging with a 
shortened lifespan and by an early onset of symptoms as well as geriatric 
diseases related to a normal aging. It has been reported that DNA damage 
are accumulated in cells derived from model mouse and patients of 
premature aging syndromes, and even in normal elderly, emerging a 
possibility that DNA damage may link to aging process. The genome of 
cells is continually damaged by environmental insults such as ultraviolet 
light (UV) and ionizing radiation (IR); by oxidative stress, such as that 
attributable to reactive oxygen species derived from oxidative metabolism; 
and, in dividing cells, by errors in DNA replication and mitosis. Organisms 
have evolved DNA damage response (DDR) mechanisms that maintain 
genomic integrity by inducing cell cycle arrest, apoptosis and cellular 
senescence in response to DNA damage. To clarify a possibility that DDR 
involves in aging process, we used mice models for HGPS, Zmpste24-/- 
mice, and DDR-deficient Chk2-/- mice in this study. We here showed that 
inactivation of Chk2 partly recovered aging phenotypes and extends 
lifespan of the mouse model for HGPS. Thus, DNA damage response 
mediated by Chk2 may play a pivotal role on aging. 
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PML nuclear bodies are common subnuclear structures in mammalian cell 
nuclei. Their major structural component is the promyelocytic leukemia 
(PML) protein. The PML protein and the PML nuclear bodies appear to be 
involved in DNA repair, apoptosis and senescence, but little is known about 
how PML mediates these functions. 
 
Cellular senescence constitutes a cell cycle arrest that limits the 
proliferation of damaged cells and is considered as a cellular counterpart of 
systemic aging. Senescence can be induced by dysfunctional telomeres, 
DNA damage and oncogenic or oxidative stress. The finding that DNA 
damage sites accumulate in senescening cells specifically indicates DNA 
double-strand breaks (DNA DSBs) and their repair as critical factors in the 
aging process. 
 
We have used γ-irradiation and DNA-damaging agents to induce premature 
senescence in primary human fibroblasts. In these cells we have analyzed 
the spatial relationship between PML nuclear bodies and DSBs. We 
demonstrate that PML nuclear bodies are not associated with sites of 
successful DSB repair, but only with unrepaired DNA DSBs after severe 
damage. We could observe a similar association of PML nuclear bodies and 
sites of unrepaired DNA damage in replicative senescent cells, in murine 
cells and in vivo in human tissue. We could further show that depletion of 
PML protein has only a minor effect on successful DNA repair after γ-
irradiation in human and murine cells. Moreover we were interested in the 
role of PML in DNA damage-induced senescence. Our data suggest that 
PML is dispensable for senescence induction after severe DNA damage. 
 
In summary PML NBs show a clear localization to unrepaired DNA 
damage sites in senescent cells. Their already established tumor suppressor 
function is probably not mediated by supporting proper DNA repair or 
signaling towards senescence, but by interfering with other pathways still to 
be discovered. 
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Cellular senescence represents a powerful tumor suppressor mechanism to 
prevent proliferation and invasion of malignant cells. Remarkably, tumor 
cells lacking the lysosomal cysteine-type carboxypeptidase cathepsin X 
exhibit a reduced proliferation rate as well as a diminished invasive capacity 
suggesting that the cells deficient in this enzyme may undergo accelerated 
cellular senescence. To investigate the underlying cellular and molecular 
mechanisms, we have analyzed neonatal human dermal fibroblasts (NHDF) 
transfected with siRNAs targeting cathepsin X and murine embryonic 
fibroblasts (MEF) derived from cathepsin X-/- mice. Indeed, both cell types 
exhibited a flattened and enlarged cell body, a characteristic phenotype of 
senescent cells. Additional evidence for accelerated senescence was 
obtained by detection of the common senescence marker β-galactosidase. 
Further examination revealed increased expression levels of senescence-
associated genes such as p16, p21, p53, and caveolin in fibroblasts lacking 
cathepsin X along with a reduced proliferation rate and invasive capacity. In 
addition, cell cycle analysis showed a marked reduction of the synthesis rate 
and prolongation of the S phase, while susceptibility to apoptosis remained 
unchanged. Finally, the observed cellular phenotype is associated with an 
increased size of acidic vesicles as demonstrated by incorporation of the 
acidophilic fluorescent dye Lysotracker™ as well as elevated levels of the 
lysosomal marker Lamp1. In conclusion, cathepsin X deficiency leads to 
accelerated cellular senescence through pathways involving tumor 
suppressor genes and consequently to diminished cellular proliferation and 
migration/invasion implying a potential role of cathepsin X in bypassing 
cellular senescence. 
 115 
A ROLE FOR GLUCOSE-6-PHOSPHATE DEHYDROGENASE IN 
CONFERRING PROTECTION AGAINST OXIDATIVE STRESS AND 
AGEING IN MICE 
 
Sandrina Nóbrega-Pereira1, José Viña2, Manuel Serrano1  
 
1Tumor Suppression Group, Spanish National Cancer Research Center, 
Madrid, E-28029, Spain, 2Department of Physiology, University of 
Valencia, Valencia, 46010, Spain 
 
A causative role for reactive oxygen species (ROS) in ageing processes, 
referred to as the free radical theory of ageing, proposes that ROS in 
biological systems attack molecules and cause the functional decline of 
organ systems which eventually leads to death. ROS are generated, in large 
part, from electrons escaping the mitochondrial respiratory chain and their 
nocive action is counteracted by antioxidant enzymes, including superoxide 
dismutase, glutathione peroxidade and catalase. Importantly, the activity of 
these enzymes requires the presence of reduced forms of glutathione (GSH) 
and thioredoxin, which in turn, rely in the reducing equivalents of NADPH 
to restore their active-reduced forms. Glucose-6-phospahte Dehydrogenase 
(G6PD) is the rate-limiting enzyme in the pentose phosphate pathway and a 
key enzyme for NADPH biosynthesis, thus being a master regulator of the 
reducing power of cells.  
Overexpression of G6PD in Drosophila melanogaster protects against 
oxidative stress and extends lifespan (Legan et al., 2008). In order to 
determine if a higher expression of G6PD provides protection from 
oxidative damage and prolongs lifespan in a vertebrate model, we generated 
mice overexpressing the human G6PD gene under the control of its own 
promoter. Analysis of G6PD expression at the mRNA and protein level 
revealed that G6PD is moderately overexpressed (2-4 fold) in all tissues 
tested, including muscle, liver, heart and white adipose tissue. Moreover, 
G6PD enzymatic activity is 6 fold increased in the liver of transgenic 
animals and in vitro studies revealed that G6PD-overexpressing mouse 
embryonic fibroblasts grow better in the presence of Diamide, a GSH 
depletion agent. This mouse model constitutes a suitable tool to dissect a 
possible protective role for G6PD and we are at the moment evaluating its 
impact in several physiological processes. 
 
Legan, S. K. et al., (2008) JBC 283 (47), 32492-32499 
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Endoplasmic reticulum (ER) stress has likely a role in many pathologies 
like diabetes, cancer and aging. Tauroursodeoxycholic acid (TUDCA) is a 
bile acid that reduces ER stress by its chemical chaperone activity. 
Caenorhabditis elegans (C. elegans) is widely used as a model organism in 
aging studies, and also suffers from ER stress. In this study, we aimed to 
test the effect of TUDCA on C. elegans life span to show the contribution of 
ER stress, if any, on C. elegans aging. The tested concentrations of TUDCA 
were 0.625, 1.25, 2.5, 3.75, 5, 7.5, 10, 15 and 20mM. TUDCA had a 
negative effect on the life span at all of the tested concentrations except 
3.75mM in which it had no toxicity nor an effect on longevity. Since one of 
the reported critical micellar concentrations (CMC) of TUDCA is closer to 
3.75 mM, we suggest that this can explain, at least in part, TUDCA’s 
mechanism of action. It likely had negative effects at the concentrations 
lower and higher than CMC. As a conclusion, our results can be helpful in 
future studies using TUDCA which is a very important and promising 
therapeutical agent since ancient times. 
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The protein homeostasis (proteostasis) capacity is reduced in aging cells, 
likely contributing to the accumulation of misfolded protein. Many diseases 
leading to cellular senescence and/or apoptosis such as Alzheimers, gelsolin 
amyloidosis and Huntington arise as a consequence of the accumulation of 
misfolded/aggregated protein in an age-dependent manner. A mouse model 
of gelsolin amyloidosis associated with α- and β-gelsolinase activities 
generating an 8 kDa amyloidogenic fragment, has revealed that the presence 
of a misfolding prone, secreted, protein fragment exacerbates the age-
associated decline in cellular proteostasis. This is reflected by the 
intracellular deposition of numerous protein aggregates in post-mitotic 
muscle cells, a characteristic of the most common degenerative muscle 
disease of aging humans, sporadic inclusion body myositis (sIBM). To 
understand the progressive onset of proteostasis decline and aggregation 
build-up leading to cellular senescence/apoptosis, we are using various 
model systems in conjunction with molecular, biochemical and 
morphological approaches to study the challenged protein folding 
environment, and developing methods to reduce the deleterious effects of 
proteostasis decline and a misfolding prone protein on proteostasis capacity. 
We will present our current progress in understanding the age-related 
decline in protein and cellular function in response to changes in the 
proteostasis program and its relationship to the aging environment. 
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Aging is often accompanied by a dramatic increase in cancer susceptibility. 
In order to gain insights into how aging affects tumor susceptibility, we plan 
to compare the oncogenic signaling pathways and the resulting tumor 
suppressor and stress responses in young and old mice. I have generated 
conditional mouse models where oncogenic K-Ras allele, K-RasG12D is 
induced (1) globally in young Cre-ERT2; Lox-Stop-Lox (LSL)-K-RasG12D 
mice by administering tamoxifen (which activates the Cre-ERT2 
recombinase, resulting in mutant K-Ras expression), and (2) specifically in 
lungs of young and old Rosa26-LSL-LacZ; LSL-K-RasG12D mice using 
intra-nasal instillations of Cre Adenovirus. For the global induction of K-
RasG12D, our experiments show the activation of K-RasG12D mediated 
pathway in multiple tissues following tamoxifen injection in young Cre-
ERT2; LSL-K-RasG12D mice. Within 3-5 weeks post injection, young mice 
[3-4 months old] develop oral papillomas, gastric papillomas, lung 
adenomas and hematopoietic hyperproliferative disorders. The senescence 
associated proteins such as p16 and Arf and DNA damage response proteins 
such as γH2AX are upregulated in tumors indicating a rapid development of 
oncogene induced senescence and DNA damage response in young mice. 
The oral and gastric tumors also show increased levels of several 
senescence associated-secretory proteins such as Interleukin (IL)-6, 
CXCR2, MIP-2, IL-1α, MCP-1 and GM-CSF. Many of these cytokines are 
also the downstream targets of NF-κB signaling. Concomitantly our 
preliminary results show the activation of NF-κB signaling in oral and 
gastric tumors from young mice. Since Cre-ERT2; LSL-K-RasG12D mice 
do not survive beyond 6 months of age, likely due to the leaky CreERT2 
induction of K-RasG12D, we plan to use the lung-specific expression of K-
RasG12D for the aging related studies. The intranasal instillation of Cre 
Adenovirus (2.5 x 107 PFU) results in rapid development of adenoma within 
2 weeks. Future experiments will include the comparison of the latency and 
severity of lung tumor formation, as well as the role of stroma, oncogenic, 
tumor suppressor and stress signaling pathways in lung tumor formation in 
young and old mice upon administration of appropriate doses of Cre 
Adenovirus. 
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Sarcopenia, or the degenerative loss of skeletal muscle mass with age, leads 
to physical, psychological, and economic burdens in the elderly that 
contribute to age-related disease and decrease quality of life. The molecular 
mechanisms governing skeletal muscle decline are incompletely 
understood, but are known to be related to overall metabolic perturbation. 
We describe the first global metabolomics effort to identify metabolites that 
are differentially regulated in human quadriceps with age. The screening 
platform used an untargeted, mass-based approach beginning with 
HPLC/electrospray ionization and accurate-mass determination, followed 
by novel, non-linear data alignment and database screening for metabolite 
identification. Despite the overall accumulation of fat in skeletal muscle 
with age, 34 phosphocholines were determined to be uniquely decreased in 
elderly individuals. Although age-related perturbations in choline 
metabolism have been implicated in the brain, these pathways have not 
been examined in the context of sarcopenia. To establish an animal model 
by which the mechanism of phosphocholine dysregulation could be 
investigated, we performed metabolic profiling on Caenorhabditis elegans, 
a nematode worm known to undergo sarcopenia. The age-related 
phosphocholine profile was conserved in CF512 worms. Mutations 
affecting the daf-16, glp-1, and isp-1 genes, which slow aging in C. elgans 
and result in significant delays in the development of sarcopenia, were 
found to result in a “young” phosphocholine profile. Interestingly, a novel 
bioinformatics analysis allowing for comparison of dysregulated 
metabolites unique to each C. elegans longevity model, identified 7 
metabolites that were similarly dysregulated in all models studied. Four of 
these metabolites were phosphocholines identified to be downregulated in 
human quadriceps. This study highlights the power of untargeted 
metabolomics to implicate unrecognized age-related pathways in 
senescence using a high-throughput method that is readily applicable to 
samples from both humans and model organisms. 
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Thymic epithelial cell (TEC) microenvironments are essential for proper 
development of a mature self-tolerant T cell repertoire. Age-associated 
thymic involution results in a progressive loss of functional TEC 
microenvironments and has a significant physiological impact on the 
capacity of the thymus to maintain normal T cell production and selection 
leading to a weakened immune response. While significant TEC turnover 
occurs, it is unclear whether a stem cell mechanism is responsible for 
maintenance of the postnatal thymus. 
The tetracycline regulated K5rtTA;tetO-H2BGFP transgenic mouse model 
was used to identify a population of label retaining thymic epithelial cells in 
the postnatal thymus. Analysis of thymic sections derived from 
K5rtTA;tetO-H2BGFP mice after 10 weeks of doxycycline feeding 
revealed a limited number of H2BGFP+ label retaining TECs localized 
primarily at the cortico-medullary junction. Sorted populations of these 
cells exhibit enhanced in vitro growth potential, as well as a gene 
expression profile that supports a role as adult epithelial stem 
cells/progenitors. Surprisingly, analysis of thymic sections derived from 
aged K5rtTA;tetOGFP mice, after 8 months of doxycycline feeding, 
revealed large areas in the thymic medulla that contained H2BGFP+ label 
retaining cells that had lost keratin expression and appeared to be 
undergoing epithelial mesenchyme transition (EMT). Staining with the 
EMT markers vimentin, fibronectin, n-cadherin and fibroblast-specific 
protein-1 (FSP1) confirmed that the H2BGFP+ label retaining TECs were 
undergoing EMT. LipidTox staining of the same sections revealed that the 
cells undergoing EMT were not transitioning to adipocytes as had been 
previously reported.  
Taken together, the results of this study demonstrate that a population of 
label retaining cells exhibiting stem cell characteristics, are present in the 
postnatal thymus. In the aging thymus these cells appear to undergo EMT, 
leading to a loss of TECs. The loss of TEC progenitors, responsible for 
maintenance of postnatal TEC microenvironments, through EMT may 
provide an unexplored mechanism to explain age associated thymic 
involution. Defining the mechanisms that control these progenitors may 
provide useful targets for therapies aimed at counteracting age associated 
thymic involution or the premature thymic degeneration associated with 
cancer therapy and bone marrow transplants. (This work was supported by 
NIH-NCI 1U54CA137788, NIH/NIAID 1SC1AI081527, NIH/NCRR Grant Number 
5G12RR03060, and PSCREG-40-285.) 
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Sirtuins, a family of NAD+-dependent deacetylases, promote survival and 
mediate beneficial effects of caloric restriction in multiple species. 
Overexpression of SIRT1 in mice improves metabolic function, suppresses 
cancers, and delays atherogenesis, among other health benefits. Human 
genetics studies also support a role for SIRT1 in maintaining human health 
status with age. Increasing SIRT1 activity could therefore potentially 
provide significant benefits to society. Small molecule activators of SIRT1, 
such as resveratrol and SRT1720, improve multiple health parameters in 
mice, including atherosclerosis, fatty liver, hyperglycemia, and endurance. 
In inbred strains of mice, germline knockout of SIRT1 is embryonic lethal. 
Outbred knockout mice are unresponsive to some of the beneficial effects of 
caloric restriction and resveratrol, but are also small, sterile, and suffer from 
developmental abnormalities. Therefore a better system is needed to avoid 
the developmental defects of SIRT1 germline knockout. To this end, we 
have generated an adult-inducible whole body SIRT1 knockout mouse in 
genetically homogeneous C57BL/6 mice based on a tamoxifen inducible 
CRE system. We have confirmed efficient deletion of SIRT1 in tissues 
including liver, heart, muscle, pancreas, cortex and kidney and observe no 
gross phenotypic differences between SIRT1 knockout and control mice 
after SIRT1 deletion. Initial findings from these experiments suggest that 
knocking out SIRT1 in adults does not grossly impair glucose metabolism, 
but these animals have dramatically impaired mitochondrial function in 
skeletal muscle, including decreases in mitochondrial DNA content, 
mitochondrial membrane potential, ATP levels, and mitochondrial gene 
expression. We also observe a decrease in state 3 and FCCP-induced 
respiration, which indicates a decrease of electron transport chain capacity, 
a phenotype exacerbated by a high fat diet. We have designed further 
studies examining how SIRT1 knockout mice respond to feeding of low and 
high fat diets and which beneficial effects of SRT1720 and resveratrol 
require SIRT1. 
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According to the oxidative stress hypothesis of aging, oxidative damage is 
causative for the process of aging and exacerbates age-associated 
pathologies. The transcription factor Nrf2 is a major regulator of anti 
oxidant, detoxification and stress defense genes. Several studies have 
demonstrated that Nrf2 signaling can counteract a number of age-associated 
pathologies and that the activation of Nrf2 can promote longevity in model 
organisms. Our studies on the Drosophila Nrf2 homolog CncC 
(cap’n’collar, splice form C) indicate that the effective regulation of 
protective and antioxidant gene expression programs by Nrf2 deteriorates in 
aging organisms. Whereas the steady state levels of Nrf2-regulated mRNAs 
do not consistently differ between young and old animals, their inducible 
expression in response to acute stress exposure becomes less effective with 
age. We investigated the cause for this age-associated decline of the Nrf2 
system and found evidence to suggest that the activity of the Nrf2 
dimerization partner, MafS, becomes limiting in older organisms. 
Significantly, supplementing MafS by ubiquitous transgenic over 
expression can restore the inducibility of antioxidant gene expression in old 
flies and augment their stress resistance, but has no effect on young 
animals. We hypothesize that declining MafS activity results in loss of Nrf2 
target gene inducibility, which in turn renders the aged organism vulnerable 
to oxidative stress and susceptible to age associated pathologies. 
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The African annual fish Nothobranchius furzeri is characterized by a very 
fast growth and a short lifespan. Several laboratory strains exist, which 
differ greatly in lifespan, i.e. short-lived strain GRZ lives 12-16 weeks 
whereas long-lived strain MZM 0403 lives twice as long. Both strains show 
expression of aging biomarkers, which is accelerated in GRZ. Our aim is to 
use N. furzeri to identify genetic factors underlying lifespan determination. 
 
We crossed GRZ and MZM 0403, recorded lifespan of the progeny and 
established 464 polymorphic markers. Based on genotyping of 412 markers 
in 404 F2 offspring we build a genetic map comprising 22 linkage groups 
(LGs),1,969 cM and 355 markers at an average spacing of 5.5 cM.  
By relating genotypes and lifespan we identified a genome-wide significant 
QTL on LG 9 (P < 0.05) and two suggestive QTL on LG 11 and LG 13 (P < 
0.05), which individually explain 4 - 6% of the total phenotypic variance. 
Assignment of 25 N. furzeri QTL markers and 231 human orthologs of 
aging-related genes to the medaka genome revealed 17 positional 
candidates. This included mitotic checkpoint factor RAE1, which is relevant 
for aging in mice. Subsequent genotyping of N. furzeri RAE1 confirmed its 
expected localization on LG 9 but questions a direct impact on lifespan as it 
is placed outside the significant QTL.  
 
As a tool for fine mapping and further analyses, an N. furzeri genome 
project was initiated. Initial analyses showed that the genome is comprised 
of 19 chromosomes (2n=38), has a size of 1.6-1.9 Gb and is repeat-rich 
(45%). The average identity to human proteins is similar for N. furzeri and 
zebrafish (40-65%). Whole-genome sequencing by next-generation 
technologies and de novo working-draft assemblies are underway.  
 
Our works shows that life span determination in N. furzeri is polygenic and 
sets the stage to unravel the genetic architecture of life span in this 
vertebrate model. 
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C. elegans host cell factor 1 (HCF-1) is a novel longevity determinant and 
repressor of the transcriptional activity of DAF-16 (Li J. et al, 2008, PLoS 
Biol). Inactivation of hcf-1 results in a robust lifespan extension that is 
dependent on daf-16. HCF-1 physically associates with DAF-16 in worms 
and appears to regulate DAF-16’s localization to a subset of target gene 
promoters. The mammalian ortholog of HCF-1 is known to regulate gene 
expression by affecting the formation of transcriptional regulatory 
complexes. We hypothesized that C. elegans HCF-1 likely collaborates with 
other transcriptional co-factors to regulate DAF-16 activity. SIR-2.1, the C. 
elegans homolog of the protein deacetylase SIRT1, is a well-known 
evolutionarily conserved longevity determinant that promotes DAF-16 
activity. We wondered if HCF-1 and SIR-2.1 functionally interact to 
regulate DAF-16. Genetic epistasis analyses in C. elegans suggested that 
sir-2.1 functions upstream of hcf-1 to modulate longevity. Global gene 
expression profiling revealed that hcf-1 inactivation and sir-2.1 
overexpression result in strikingly similar expression changes in a subset of 
DAF-16 transcriptional targets that are involved in aging, stress response, 
and metabolism. These results support the possibility that HCF-1 and SIR-
2.1 antagonize each other to regulate DAF-16. In co-immunoprecipitation 
experiments, we found that HCF-1 and SIR-2.1, as well as their mammalian 
homologs, form a protein complex in worms and in cells, suggesting that 
the working relationship between HCF-1 and SIR-2.1 is conserved in 
mammals. Since SIRT1 is a protein deacetylase, we tested if HCF-1 is 
acetylated and if its acetylation status is affected by SIRT1 activity. We 
found that inhibiting SIRT1 by nicotinamide or shRNA knockdown resulted 
in a substantial elevation of HCF-1 acetylation levels in HEK293T cells. 
Our findings reveal a novel functional and molecular interaction between 
two evolutionarily conserved longevity determinants HCF-1 and SIR-
2.1/SIRT1, and shed light onto the mechanism whereby these two factors 
might cooperate to regulate DAF-16/FOXO activity. 
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Mitochondrial redox metabolism plays an important role in aging and the 
development of age related disease. Mitochondria are the primary producer 
of intracellular reactive oxygen species in most cell types, and also harbour 
redox sensitive signaling proteins that are necessary for apoptosis. 
Interestingly, experimental evidence supporting the putative therapeutic 
potential of many dietary interventions is consistent with a change in 
mitochondrial ROS metabolism. We have previously shown that the 
mitochondrial antioxidant enzyme Mn superoxide dismutase (MnSOD) is 
substantially upregulated in human cells treated with the phytoestrogen 
resveratrol (RES), and that this observation persists when changes in 
mitochondrial abundance are accounted for. Genetic manipulations that 
directly upregulate MnSOD expression impart protection against stress-
induced cell death, and affect cell cycle progression. Here we report that 
two of RES’s most important biological activities, inhibition of replication 
and enhancement of stress resistance, require MnSOD upregulation in three 
diverse mammalian cell types: fibroblasts, myoblasts, and neuroblastoma 
cells.  
Many of RES’s biological activities have been associated with sirtuins, 
particularly SirT1. Using SirT1-/- mouse embryonic fibroblasts, or either 
myoblasts or fibroblasts treated with the SirT1 inhibitor sirtinol, we found 
that RES’s ability to induce MnSOD was independent of SirT1. However, 
we also observed that deletion of the SirT1 gene generally reduced cellular 
stress resistance. This observation suggests that any effects of SirT1 on 
RES’s biological activities are related to systemic effects of the SirT1 null 
state on cellular function.  
RES was classified as a phytoestrogen prior to its identification as an 
activator of SirT1. We observed that the effects of RES could be attenuated 
or abolished by treatment with the estrogen inhibitor ICI 182780 in C2C12 
cells, which are known to possess estrogen receptors (ER) α and β. 
Furthermore the effects of RES could be reproduced using estradiol or the 
ER-β agonist diarylpropionitrile, but not using the ER-α agonist 
propylpyrazole triol. Similarly, we show that other compounds identified as 
phytoestrogens such as glycitein, coumestrol, genistein and kaempferol 
show a similar ability to upregulate MnSOD, perhaps suggesting that this 
may be an important mechanism by which many phytoestrogens exert their 
protective effects.These results have important implications for our 
understanding of phyotestrogen’s biological activities and potential 
applications to age related disease.  
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In age-related neurodegenerative disease specific proteins become insoluble 
and some of their conformational forms appear to be neurotoxic. It has long 
been hypothesized that through a similar mechanism proteotoxicity could be 
a determinant of lifespan. Normal cellular activity may give rise to damaged 
proteins causing them to become insoluble, missfolded and aggregated. We 
predicted that proteins that underwent conformational alteration leading to 
insolubility during normal aging would influence lifespan. To test this 
hypothesis we extracted insoluble proteins from synchronously aging 
populations of C. elegans. Insoluble fractions were then chemically labelled 
by Isobaric Tag for Relative and Absolute Quantitation (iTRAQ) and 
identified by liquid chromatography coupled with mass spectrometry (LC 
ESI-MS/MS). We identified 203 proteins that were 2-25 fold enriched in 
old worms. Construction of transgenic animals expressing DAF-21, RPS-0 
and EFT-3 (orthologs of the mammalian HSP-90, RPS-A and elongation 
factor 1α, respectively) fused to Green Fluorescent Protein (GFP) revealed 
that besides becoming insoluble with age, these proteins have propensity to 
form foci. Fluorescence Recovery After Photobleaching revealed that some 
of these foci consist of immobile, aggregated proteins. 
We then tested whether proteins that become insoluble during normal aging 
influenced lifespan. Using RNA interference (RNAi) we reduced their 
expression in adult animals (from 4 days old). 47% of the RNAi treatments 
were found to significantly extend mean lifespan in adult C. elegans. 
It is notable that a range of C. elegans proteins share a biochemical 
characteristic with human proteotoxins like β-amyoid and α-synuclein 
which also form insoluble aggregates. A significant number of these C. 
elegans proteins influence lifespan suggesting that normal aging and 
amyloid-associated pathologies may share a common mechanism. 
 
Fundação para a Ciência e Tecnologia – SFRH / BD / 27540 / 2006. 
NIH Grant RL1GM084432. 
NIH Grants AG21069, AG22868, and NS050789-01, the Ellison Medical 
Research Foundation, the Glenn Foundation for Medical Research, the 
American Federation for Aging Research, the Larry L. Hillbloom 
Foundation, and the Herbert Simon Family Medical Foundation. 
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Several studies have identified gene expression changes downstream of the 
forkhead transcription factor DAF-16 that are necessary for lifespan 
extension when the insulin-like receptor (ILS) pathway is attenuated in C. 
elegans. However, most of these studies looked at changes in total transcript 
levels, omitting the impact of post-transcriptionally regulated changes in 
gene expression. Here, expression differences in translated mRNAs (i.e., 
those bound by multiple ribosomes) were assayed under wild-type N2, daf-
2 (e1370) single mutant, and daf-2:daf-16 (e1370:m26) double mutant 
backgrounds via microarray. In the comparison of daf-2 and daf-2:daf-16 
animals, a total of 1600 genes had altered translational expression. 
Comparison of daf-2 and N2 wild-type animals yielded a mostly 
overlapping but much smaller list of genes. 88 of the most upregulated and 
downregulated genes overlapping these sets were tested and observed to act 
in processes regulated by the ILS pathway including dauer formation, 
thermal tolerance, and aging. The ILS pathway functions in a cell 
nonautonomous manner and we find that some of its biological processes 
are regulated by genes encoding channels that connect cells and by those 
encoding secreted factors. Genes responsible for carrying out ILS-mediated 
processes include those encoding lectins and enzymes involved in 
carbohydrate metabolism, aquaporins, neurotransmitters, transcription 
factors and transcript modifiers. 
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The influence of aging on susceptibility to environmental stressors is poorly 
understood. To investigate the contribution of different life stages on 
response to toxicants, we examined the effects of acute exposure by oral 
gavage of the volatile organic solvent toluene (0.00, 0.30, 0.65 or 1.0 g/kg) 
in the brains of male Brown Norway rats at 4, 12 and 24 months of age. 
Toluene is a known neurotoxicant with effects on cognition, motor activity 
and neurotransmitters in the central nervous system. The objective was to 
explore the toxicity pathways that contribute to the adverse effects of 
toluene exposure, and to determine if the response is age-dependent. In this 
study we examined gene expression in cerebellum, striatum, hippocampus 
and frontal cortex 4 hours post-dosing using a custom designed RT-PCR 
array containing 32 genes representing key toxicity pathways involving 
oxidative stress, energy metabolism, neuronal plasticity, immune and stress 
responses. Results showed that the effect of age exceeded that of toluene on 
number of genes affected (approx 1.5 times more with age). Numbers of up- 
and down-regulated genes were about the same due to age (e.g. 4 vs. 24 
month controls), but, within a given age group (e.g. control vs. toluene at 4 
mos), more were up- than down-regulated due to toluene exposure (approx. 
70% up). However, when comparing age-related toluene effects (4 vs. 24 
months treated) more genes were down- than up-regulated (approx. 65% 
down). These data indicate that life stage alone affects gene expression level 
and can also have an impact on genomic response to toxicant exposure. 
Affected genes were associated with stress-, growth- and survival-related 
pathways with degree and direction of change variable, depending upon 
condition tested. These ongoing studies contribute to defining a genomic 
model of toxicity pathways in the nervous system and their modification 
with aging. (This abstract does not necessarily reflect USEPA policy). 
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Mitochondrial dysfunction is a hallmark of human aging and mutations 
affecting mitochondrial function have been shown to extend lifespan in 
various model systems. A dichotomy in the link between mitochondrial 
function and longevity is the response of Caenorhabditis elegans vs. 
Saccharomyces cerevisiae to alterations in the principal cellular ATP 
generating machine, the mitochondrial F1F0-ATPase. Downregulating 
components of the F1F0-ATPase extends lifespan in C. elegans while a 
knockout mutation of the S. cerevisiae F1F0-ATPase β-subunit (encoded by 
the ATP2 gene) greatly reduces lifespan. The response in C. elegans has 
been suggested to be specific to nematode physiology, and similar 
knockdown studies have not been performed in other organisms. We 
hypothesized that the link between F1F0-ATPase function and lifespan may 
be universal, and that the contrasting results were due to the difference 
between reducing levels of a protein versus eliminating the protein 
completely. We therefore constructed a series of yeast strains with different 
levels of F1F0-ATPase β-subunit expression to test this idea. We found that 
both under expression and overexpression of the β-subunit of the yeast 
F1F0-ATPase can prolong lifespan. Thus, the normal expression of this gene 
is not optimized for longevity, and perturbing its expression level is an 
evolutionarily conserved means for prolonging lifespan. These data also 
suggest that organisms respond to different thresholds of mitochondrial 
function in ways that alter lifespan. 
 
Support for a graded cellular response to different levels of mitochondrial 
function comes from analysis of a well-known mitochondrial-to-nucleus 
signaling pathway that controls nuclear transcription in response to loss of 
mitochondrial function, the Retrograde Response. The RTG2 pathway 
controls one aspect of this response, and is strongly induced by loss of the 
mitochondrial genome. Loss of the β-subunit of the F1F0-ATPase shows a 
smaller induction. Cells that have under, normal and overexpression of the 
β-subunit all stimulate this pathway at a level that is indistinguishable 
between these three mutants and is halfway between that of loss of the β-
subunit and wildtype cells. Thus, the length of lifespan is more sensitive to 
changes in β-subunit levels, and cells exhibit a graded response to the level 
of mitochondrial function which most likely require mechanisms other than 
the RTG2 pathway of the Retrograde Response.  
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In normal mammalian cells, the deleterious effects produced by cellular 
stresses such as telomere attrition, DNA damage or aberrant oncogene 
expression can trigger an irreversible cell cycle arrest, termed cellular 
senescence. Cellular senescence is believed to be a tumour suppressive 
mechanism, a counterpart to apoptosis. However, screening systems for 
senescence inducers are not well established. Cellular senescence is often 
accompanied by changes in nuclear morphology, depending on the type of 
stimulation or cell. In normal human diploid fibroblasts (HDFs), both 
senescence-associated heterochromatic foci (SAHF) and nuclear 
enlargement are observed during the induction of cellular senescence. In the 
current study, we sought to set up a screening protocol for detecting SAHF 
or enlarged nuclei in order to identify senescence inducing agents. 
 
Cell based screening using a test kinase inhibitor library identified several 
hit compounds that induced spotty or enlarged nuclei in IMR90 HDFs. The 
cells treated with these compounds expressed senescence markers and 
showed irreversible growth arrest, confirming the efficacy of the screening 
system. Indirect immunofluorescence or Western blotting analysis 
suggested that the spotty nuclei reflected a chromatin structure similar to 
that of SAHF. We also found that some of the “enlarged” hits gave 
irregular-shaped nuclei which were polyploid or aneuploid, associated with 
defective chromosome segregation or premature cancellation of mitotic 
checkpoint arrest. Such nuclear phenotypes have been found in senescent 
cells associated with different contexts, including premature-aging 
syndrome, thus reinforcing the efficacy of our screening. Moreover, the 
“irregular” hits brought about cellular senescence not only in the IMR90 but 
also in HeLa cells, indicating the potential potency of senescence induction 
in cancer treatment. 
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Aging at the molecular level is a complicated process involving a variety of 
factors. Epigenetic changes, including changes in DNA methylation, occur 
during aging; however, much remains to be learned on a whole genome-
scale regarding age-associated epigenome dynamics. In the present study, 
we investigated human methylome structure in monocytes from newborns 
and adults on a whole genome basis. We reasoned that, if reproducible 
changes can be detected during postnatal development, these may shed light 
on more strictly age-related (young vs. old adult) epigenome perturbations.  
In order to minimize differences in methylome data due to individual 
variation, we pooled DNA samples from peripheral blood monocytes of 10 
newborns and adults, respectively. The experiment was repeated with an 
additional set of pooled samples for each age group. We applied Methylated 
DNA Immunoprecipitation (MeDIP) followed by next generation 
sequencing (Illumina). The sequencing results were first normalized using 
an input DNA control, and then were further normalized based on local vs. 
whole genome CpG content. Of special interest were DNA regions which 
remained over- or under-represented after adjustment for local CpG levels.  
One result which emerged from the study is that the HoxC gene group 
region becomes increasingly methylated with age; specifically, the 200kb 
region bracketing the HoxC11 gene exhibited a 1.5-fold difference between 
newborns and adults. This region was also one of the most undermethylated 
regions – relative to CpG content - in the human genome. Increased 
methylation in the HoxC gene region is consistent with our previous results 
on RNA expression using microarray analysis, where higher expression was 
observed in newborn than adult monocytes.  
It is known that Hox gene activation relies on progressive chromatin 
‘opening’; and studies on Hox families in other tissues have reported 
changes in DNA methylation status during aging and cancer. Taken 
together with our data, the results suggest that DNA methylation may play a 
role in Hox gene family expression during postnatal development and 
aging. Finally, homeobox transcription factors may not only function in 
morphogenesis and differentiation, but they might also be linked to the 
epigenetic component of aging.  
 132 
NO CORRELATION OF PROTEIN REPAIR, RECYCLING OR 
CHAPERONING WITH MAXIMUM LIFESPAN IN 15 VERTEBRATE 
ENDOTHERM SPECIES 
 
Kurtis Salway, Jeffrey Stuart  
 
Brock University, Biology, St Catharines, L2S 3A1, Canada 
 
Previous studies have shown that species longevity is associated with 
enhanced cellular stress resistance. This observation supports the disposable 
soma theory of aging, which suggests that increasing investment in cellular 
maintenance activities underlies increases in lifespan. Protein homeostasis 
is a critical component of cellular maintenance and stress resistance, as 
proteins are susceptible to oxidative and other damage. Mechanisms for 
maintaining protein homeostasis include the reversal of spurious amino acid 
oxidation via redoxins and their accessory enzymes, refolding via 
chaperonins, and degradation/recycling via the 20S and 26S proteasomes. 
We tested the hypothesis that longer-lived species have superior protein 
homeostasis mechanisms using long-lived Snell dwarf mice and a 
comparative inter-species model that included 15 mammalian and avian 
species with maximal lifespans (MLSP) ranging from 3 to 30 years. We 
measured the activities of the 20S/26S proteasome, and thioredoxin 
reductase (TrxR) and glutaredoxin (Grx) in liver, heart and brain tissue of 
young adults. There was no correlation between proteasome activity and 
MLSP. However, both 20S and 26S proteasome activity correlated 
negatively with body mass in liver (p < 0.05) and showed a non-significant 
trend to do likewise in brain and heart. Similar results were obtained for 
TrxR activity, which showed no relationship with MLSP, but correlated 
negatively with body mass in liver and brain. Grx activity negatively 
correlated with MLSP in brain, but this relationship disappeared following 
transformation of data using Felsenstein’s Independent Contrasts (FIC) to 
account for phylogenetic relatedness. Snell dwarf mice had lower 20S 
proteasome, TrxR and Grx activities (p <0.05) than normal controls in 
brain, but not heart tissue. Although neither protein degradation nor protein 
repair showed a positive relationship with longevity, it is possible that 
longer-lived species or strains simply prevent protein damage from 
occurring. Heat shock proteins (HSP) in their role as chaperonins, could 
contribute to robust maintenance of protein homeostasis in long-lived 
animals. Levels of HSP27, HSP60, HSP70 and GRP78 were quantified in 
heart, brain and liver of Snell dwarf and normal mice, and all species, using 
western blot (to epitopes that are 100% conserved amongst all species) to 
determine if they were related to longevity. Thus, increased longevity 
appears not to be associated with increased proteasomal degradation or 
repair capacities in vertebrate endotherms, but may involve mechanisms to 
prevent protein damage from occurring. 
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Aberrant accumulation of DNA damage is a key mediator of premature 
ageing syndromes such as Hutchinson-Gilford Progeria syndrome (HGPS), 
where disruption of the nuclear lamina due to accumulation of mutant 
prelamin-A, triggers senescence or cell death. Vascular smooth muscle cells 
(VSMCs) are especially sensitive to nuclear lamina disruption and are 
grossly effected in HGPS and we have recently shown that prelamin-A 
accumulates during normal VSMC ageing, both in vitro and in vivo, 
suggesting that HGPS accelerates the normal VSMC ageing process. In this 
current study we investigated the mechanism of prelamin-A mediated 
ageing and show, by GST pull down and immunoprecipitation, that 
prelamin-A interacts with the DNA damage repair protein Nbs1. 
Importantly, we demonstrate that prolonged exposure of VSMCs to 
doxorubicin or hydroxyurea down regulates the prelamin-A processing 
enzyme FACE1 and stimulates prelamin-A accumulation, suggesting that 
prelamin-A functions in the DNA damage response. Moreover, FACE1 
depletion, by siRNA mediated knockdown, upregulated prelamin-A, 
triggered an S phase arrest and induced mitotic defects reminiscent of G2/M 
checkpoint failure. Taken together these data implicate prelamin-A in DNA 
damage repair and highlight a novel mechanism for prelamin-A induced 
VSMC ageing. 
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Heterogeneous nuclear ribonucleoprotein A1 (hnRNP A1) is an RNA 
binding protein which plays important roles in the biogenesis of mRNA, 
such as alternative splicing and mRNA stability. We have recently 
identified mRNAs that hnRNP A1 binds to. Human MDM2 (HDM2) 
mRNA, one of the mRNAs encoding a negative regulator of p53, has 
potential exon splicing silencer sequences within its hnRNP A1 binding 
region. These facts raised the possibility that hnRNP A1 is involved in 
HDM2 post-transcriptional regulation by its splicing activity. To assess this, 
we overexpressed hnRNP A1 in IMR-90 human fibroblast cells by 
transfection and performed RT- and Real-Time PCR with different sets of 
primers that amplified different regions of HDM2 mRNA. We detected a 
significant decrease in the mRNA levels. However, none of the splicing 
variants were observed. Down-regulation of hnRNP A1 by siRNA 
transfection showed increased levels of HDM2 mRNA. We next compared 
HDM2 mRNA levels between young and senescent cells since cellular 
senescence changes A1 protein and phosphorylation levels and its 
subcellular distribution. Senescent cells showed a significant increase in 
HDM2 mRNA levels compared to young cells. These results suggest that 
A1 may regulate the expression level or stability of HDM2 mRNA by 
unknown molecular mechanisms. 
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Brief exposure to a mild stress causes induction of stress gene expression 
leading to enhanced stress responses, improved maintenance and repair and 
in some cases lifespan increase. This phenomenon is termed hormesis and 
has been observed in several species. For example, we previously 
demonstrated that short periods of mild heat stress in early life increase both 
mean and maximum lifespan of the soil nematode C. elegans. Similar 
hormetic responses have been described for many other stressors. Here we 
present data showing that treatment of the nematode with low-doses of 
ionizing radiation (IR) significantly increases resistance to sub-sequent heat 
stress. Importantly, we find that the progeny of nematodes treated with IR 
are resistant to heat stress compared to progeny of untreated controls. This 
increase in stress resistance by IR is independent of insulin signaling, a well 
known pathway determining stress resistance and lifespan in C. elegans. 
Likewise, the tumor suppressor p53 (cep-1) is not required for low-dose IR 
induced stress resistance in the progeny generation. We are expanding our 
genetic analysis to include other well known DNA damage / checkpoint 
proteins as well as DNA repair genes. Our results suggest early life 
exposures to acute stress have far reaching implications on factors 
contributing to lifespan determination. 
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In mammals, expression of p16INK4a is highly regulated. Excess expression 
can lead to cellular senescence, which can promote aging. Impaired 
expression permits aberrant proliferation and tumorigenesis. The precise 
mechanism of p16INK4a regulation in vivo is poorly understood. The INK4 
proteins, including p16INK4a, are a class of cell cycle inhibitors that prevent 
CDK4/6-dependent phosphorylation of retinoblastoma tumor suppressor 
protein family members, inhibiting entry of cells into S-phase. In vitro 
systems, such as cell culture, are limited since simple passaging of cells 
potently induces p16INK4a expression in most mammalian cell types. In vivo 
analyses have been limited by low expression of this tumor suppressor 
gene, as well as a lack of good reagents for detection. Both extrinsic 
(chemotherapy and ionizing radiation) and intrinsic (telomere shortening 
and improper DNA damage repair) stimuli can induce p16INK4a expression. 
However, the kinetics and cellular responses to these genomic insults have 
not been examined in vivo. For these reasons, we are generating a p16INK4a 
reporter allele to directly assay p16INK4a regulation during cancer and aging 
in vivo.  
 
Through standard techniques, we are developing a murine strain with 
enhanced green fluorescence protein (GFP) knocked-in to the endogenous 
p16INK4a locus and under control of the p16INK4a promoter. We have 
completed the generation of a targeting construct and verified its structure. 
We have also confirmed homologous integration of the construct into 
murine embryonic stem cells. Currently, the positive clones are being 
injected into blastocysts. 
 
Using the p16INK4a-GFP mice, I plan to assess the effects of various genomic 
insults by measuring the kinetics and duration of p16INK4a expression in vivo 
after exposure to noxious, age-promoting agents such as UV light, IR, 
chemotherapy (doxorubicin) and heavy metals. These studies will bring us 
closer to understanding how these noxious agents lead to aging, and identify 
methods to mitigate toxicity from prolonged drug treatments. Moreover, 
these studies could inform clinical decisions affecting chemotherapy or IR 
regimens.  
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The yeast Saccharomyces cerevisiae is the simplest and best characterized 
eukaryotic organism, widely accepted as a research model for many 
eukaryotic cell processes. We studied the properties and the dynamics of 
yeast ageing and death by measuring its chronological life span (CLS), the 
time a cell can survive in the stationary phase. In the past, this method was 
typically applied to yeast auxotroph strains in bulk cultures, which 
potentially introduces multiple confounding effects and decreases the 
accuracy the CLS measurement. Auxotroph strains are unable to synthesize 
one or several amino acids and/or nucleic bases and it has been shown by 
others that they die in short period when exhausted for these particular 
nutrients and not glucose. In classical CLS experiment, the pH of the media 
changes over time due to accumulation of acetic acid, while the dead cells 
lyse and release additional nutrients into the environment. We have indeed 
found that when grown in batch, number of prototroph cells in the 
chronologically ageing culture fluctuates and hardly decreases over a two-
week period, much longer than previously observed in studies using 
auxotroph strains. In order to counter these effects, we have developed a 
microfluidics platform combined with time-lapse fluorescence microscopy, 
offering single cell resolution and real-time detection of cell death. Most 
importantly, the continuous flow of fresh, buffered media lacking a carbon 
source, through our microfluidics chip creates a constant, well-controlled 
growth environment that can be sustained for weeks, assuring lack of cross-
talk between cells. Our initial results show that the maximum life span of 
prototroph strain in microfluidic platform is on the order of 22 days. 
Additionally, we observed classical Gompertz ageing curve, characterized 
by the initial exponential increase in the death rate, followed by a plateau. 
In the future, our microfluidics platform will allow more precise 
determination of death rate in different yeast types as well as better 
understanding of many complex processes implicated in S. cerevisiae 
ageing and death. 
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Nucleotide Excision Repair is a versatile repair mechanism that is activated 
in response to UV-induced DNA damage. This multi-step “cut-and-patch”-
like activity recognizes and repairs helix distorting and transcription 
blocking lesions in two distinct sub-pathways in terms of damage 
recognition, global genome repair (GGR) and transcription coupled repair 
(TCR) respectively. The XPC protein (in complex with HR23B) is 
specifically involved in damage recognition in GGR, while damage 
recognition in TCR is based on damage encounter by the RNA polymerase. 
Defect in NER or mutations in NER proteins have been associated to 
Xeroderma Pigmentosum (XP), a UV sensitivity syndrome that is further 
characterized by skin pigmentation, premature aging and skin cancer. 
Interestingly, these phenotypes are also characteristic for telomere-
associated diseases like Dyskeratosis congenita and mouse models with 
dysfunctional telomeres like telomerase knockout mice (TercKO).  
Discrepancies exist between currently available XP mouse models and 
symptoms observed in the human disease. In addition, mouse and human 
telomere length are very different with respect to telomere length; mouse 
telomere being substantially longer than telomeres observed in humans.  
To investigate the relevance telomere length and short telomeres on the 
pathogenesis of XP we generated a new mouse model in attempt to mimic 
human XP disease too larger extent, not only with respect to NER 
deficiency but also telomere length. The XPC mouse model is crossbred 
with telomerase deficient mice (TercKO). Through elaborate and 
consecutive crossbreeding of the offspring we obtained in a large mouse 
colony of several generations of TercKO mice (G1-G3), in wildtype and 
XPC deficient background  
Phenotype screening of the mouse models XPC/G1-3TercKO focusing on 
spontaneous aging, lifespan and spontaneous tumour incidence as well as 
other pathologies revealed that, apart from the atrophies of highly 
proliferative tissues expected due to telomere deficiency, the lung of XPC 
animals is more frequently affected by malignancies. In absence of UV-
induced DNA damage, lifespan, pigmentation and hair loss of XPC animals 
compared to wildtype is not altered. Telomere length gradually decreases 
with increasing generation of TercKO (G1, G2, G3), however no mayor 
differences between wildtype and XPC deficient background are found. UV 
carcinogenesis experiments have shown that in presence of slightly shorter 
telomeres (G1TercKO and G2TercKO) XPC deficient mice are more prone 
to develop skin cancer than telomerase proficient XPC deficient mice. The 
mechanism for this is currently under investigation.  
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In mammals and birds, a wide range of maximum lifespans has evolved, 
from several years to over a century. To better understand the mechanistic 
bases underlying the evolution of longevity, broad comparisons between 
these species can be made. We investigated 16 molecular character traits 
thought to influence longevity. Insulin-like growth factor-1 (IGF-1) 
regulates an intracellular signaling pathway that is important in the 
regulation of body weight, but also has been implicated in both stress 
resistance and longevity. Using published values of plasma total IGF-1 
levels in 36 mammalian species, we show that IGF-1 is negatively 
correlated with body mass, but not related to lifespan. This indicates that 
larger species maintain lower levels of circulating IGF-1, which in intra-
species comparisons is generally associated with reduced cancer incidence 
and enhanced cellular stress resistance. To look for evidence that cellular 
stress resistance mechanisms are enhanced in conjunction with increased 
body mass and/or longevity, we investigated antioxidant capacity, protein 
homeostatic mechanisms, and DNA base excision repair activities in 15 
vertebrate endotherms that included one bat species and two bird species. 
Surprisingly, none of the 15 activities or protein levels, as measured in 
brain, heart and liver tissue of young adults, correlated positively with 
species maximum lifespan. Rather, several activities, including 20S/26S 
proteasome, protein redoxins and the DNA base excision repair enzyme 
polymerase β, were negatively correlated with body mass. Interestingly, 
even if these molecular traits were compared between size-matched species 
with disparate lifespans, there was little evidence for upregulation 
concomitant with increased longevity. Also, when the same measurements 
were repeated in brain and heart tissues from young adult Snell dwarf mice, 
an intra-specific model of enhanced longevity, few differences were 
identified between long-lived dwarf and normal mice. We conclude that, to 
the extent that the stress resistance activities measured here differ between 
species, these differences are driven by body mass but not lifespan. Perhaps 
between-species differences related to lifespan manifest only later in life 
and are therefore not observable in young adults. Alternatively, differences 
may be present only in specific cell types or within specific subcellular 
compartments (e.g. mitochondria) and therefore undetectable in whole 
tissue extracts. We provide preliminary insight pertaining to these latter 
possibilities. 
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p53 tumor suppressor plays central roles in cellular senescence and is found 
lost or mutated in many types of human cancer. We have previously 
identified Hzf as a transcriptional target of p53 tumor suppressor. Hzf 
encodes an RNA-binding protein that directly associates with specific 
mRNA to regulate their localization and translation. However, the roles and 
molecular functions of Hzf in the p53 pathway have been remained 
unknown. We purified Hzf protein complex and found that an RNA-binding 
protein HuR interacts with Hzf in living cells. The interaction of these 
proteins is RNA-dependent, and at least p53 and cyclin B1 mRNA associate 
with these proteins. In the absence of Hzf and HuR, stress-induced 
accumulation of p53 protein was significantly attenuated. Loss of Hzf and 
HuR expressions did not affect the level of the p53 mRNA or the p53 
protein stability, but the nuclear export of the p53 mRNA was impaired. 
Both Hzf and HuR directly associate with the 3’UTR of the p53 mRNA, 
and association of these molecules was required for the efficient translation 
of the p53 mRNA. Together, our results indicate that p53 expression is 
regulated at multiple steps, and that Hzf, together with HuR, participates in 
the post-transcriptional regulation of the p53 tumor suppressor, which 
contribute to the p53 expression during cellular senescence and tumor 
suppression. 
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The longevity-associated genes (LAGs) represent a large and functionally 
diverse group [1]. Here we address two principal questions: 1) Do LAGs 
display any distinct features? 2) To what extent these genes identified in model 
organisms are relevant to human longevity? Our systems biology analysis 
revealed that LAGs are highly interconnected and may act in a cooperative 
manner by forming protein-protein interaction (PPI) networks. These genes are 
also highly evolutionary conserved, suggesting they have a possible role in the 
control of human longevity as well. A large number of LAGs are also involved 
in at least one age-related disease (ARD), with many being involved in several 
[2, 3]. Moreover, many common genes are essential for development and 
growth. By definition, this fits well Williams’s idea of antagonistic pleiotropy. 
The detrimental effects of these genes later in life could in part be attributed to 
changes in the epigenetic control, including altered miRNA expression patterns 
[4]. The latter gained further support from our recent miRNA wide screen of 
human skin fibroblasts. The existence of strong evolutionary and molecular 
links between longevity and ARDs has led us to the assumption that late-life 
pathology not only is predisposed by aging but actually represent its diverse 
manifestations, being an essential component of the ‘normal’ aging process. 
The constructed networks and related issues have been organized in the NetAge 
database which is publicly available at http://www.netage-project.org [5]. The 
predictive power of the network-based approach has recently received an 
experimental validation.  
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Accumulating evidence suggest that DNA damage response (DDR) and 
epigenetic mechanisms regulate cellular senescence, but very little is known 
about how these two mechanisms are integrated to establish senescence 
associated gene expression programs. Here we show that DDR provokes 
degradation of G9a and GLP, major histone 3 lysine 9 (H3K9) mono- and 
demethyltransferases, thereby causing global decrease in H3K9 
dimethylation, an epigenetic mark for euchromatic gene silencing, in 
senescent cells. Importantly, this is accompanied by the reduction of DNA 
methyltransferase 1 (DNMT1) expression, and DNMT1 repression, in turn, 
provokes DNA damage, thus establishing a positive feedback loop to 
sustain epigenetic alteration in senescent cells. Indeed, induction of IL-6 
and IL-8, major components of the senescence associated secretory 
phenotype (SASP) factor, was consistently linked with decline of H3K9 
dimethylation around their promoters, suggesting that DDR-G9a/GLP 
pathway plays key role(s) in some of the senescent phenotypes. This is not 
merely restricted to cultured cells but can be translated to in vivo, as 
increased levels of IL-6 and GRO-α (functional homologue of human IL-8) 
and reduction of G9a/GLP levels were observed in mouse tissues containing 
DNA damage. These data establish a role of DDR-G9a/GLP pathway in 
cellular senescence and reveal how DDR integrates with epigenetic 
processes to induce senescent phenotypes. 
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The calcium ion (Ca2+) is involved in the regulation of various cellular 
functions as a universal second messenger. The zds1Δ strain of the 
Saccharomyces cerevisiae shows the sensitivity to Ca2+ and the Ca2+-
induced G2 cell cycle arrest, and polarized bud growth, due to the activation 
of the cellular Ca2+-signaling pathways. These phenotypes are attributed to 
the activation of Swe1 (homologue of S. pombe Wee1) and Cln2 (G1 
cyclin) mediated by the calucineurin and Mpk1 MAP kinase pathway. To 
clarify an overview of the growth control regulated by the Ca2+-signaling 
pathways, we screened for suppressor mutants of the Ca2+-sensitive 
phenotypes of zds1Δ cells. Recessive mutants were classified into 14 
genetic complementation groups (scz mutant). Of these mutants, we 
identified mutant allele of SIR3 as scz14. It has been reported that Sir3 is 
involved in silencing of mating loci/telomeric, stress response, and aging. 
Therefore, we focused on the relationship between Ca2+-signaling and life 
span. 
Because other SCZ had been expected to be involved in aging, we first 
examined the replicative lifespan of all scz mutants. The replicative lifespan 
in budding yeast is defined as the number of daughter cells produced by a 
mother cell before senescence. We found that all scz, including cnb1 a 
regulatory subunit of calcineurin, strains had a shorter lifespan than wild-
type, suggesting that SCZ is involved in the regulation of yeast lifespan. 
Next, we investigated the telomere length, known to be related to the 
lifespan, of these strains by Southern blot analysis. The telomere length of 
most strains were shorter than wild-type. Thus, we suspected that Ca2+-
signaling is important for the regulation of aging and the maintenance of the 
telomere length. 
Then, we asked if the calcineurin promotes life span extension, would 
overexpression of calcineurin slow aging? We showed that overexpression 
of constitutive-active form of calcineurin leads to decreased replicative life 
span. Constitutive activation of calcineurin may be harmful for the yeast in 
the long term. Thus, perhaps an optimal window of calcineurin expression 
is important for longevity, as both elevated and reduced levels of 
calcineurin shorten life span. 
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Cell survival of sensory neurons is essential for the long-term maintenance 
of sensory functions. Its defect leads to the onset of age-related sensory 
defects suffered by a great number of aged human populations, such as 
hearing loss and retinitis pigmentosa. Research toward the development of 
effective treatments of those symptoms has been hampered due to the lack 
of efficient assay systems in model organisms.  
Here we show that the gene ebi, a fly homologue of TBL1, is required for 
the long-term survival of photoreceptor neurons in Drosophila. 
Furthermore, we demonstrate that Ebi forms a complex with AP-1 and 
represses its target genes. This co-repressor complex seems to be acting as 
part of the innate immune system and regulating the output of this signal. 
Our results strongly suggest that the regulatory system mediated by the 
Ebi/AP-1 co-repressor complex is involved in the cellular survival of 
sensory neurons. Given the functional homology of TBL1 as a co-repressor 
molecule in mammalian systems and the fact that TBL1 is a causative factor 
for an age-related hearing disease, called OASD (ocular albinism with late-
onset sensorineural deafness), our system has the potential to be a useful 
model for analysing age-related sensorineural hearing loss. 
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The germline is immortal, providing a novel paradigm to study the 
regulation and modulation of proteostasis. Without proper protein 
homeostasis of the germline, life would fail to exist. We sought to 
determine how the proteome is maintained in germ and stem cells compared 
to their differentiated counter parts. To explore this hypothesis in greater 
detail, we first asked whether proteosomal systems, one node of the 
proteostasis network, differed among germ cells compared to somatic cells. 
First, using long-lived glp-1 mutant worms which transform their somatic 
cells into germ-like cells, we find that these animals have a dramatic 
increase in proteasome activity associated. This increase is due to increased 
levels in the 19S proteasome subunit rpn-6, which is essential for the 
assembly and activity of the 26S proteasome. DAF-16 is essential for the 
increased longevity of glp-1 mutant worms and we find DAF-16 necessary 
for the increased expression of rpn-6 and, therefore, for triggering the 
proteasome activity in glp-1 mutant animals. Notably, human embryonic 
stem cell populations also display an increased proteasome activity 
compared to their differentiated counterparts. This enhanced activity also 
correlates with an increased levels of PSMD11, the human orthologue of 
rpn-6. These results led us to the finding that FoxO4 regulates proteasome 
activity and expression of PSMD11 in embryonic stem cells, suggesting a 
role for FoxO4 and possibly PSDM11 in stem cell function. In conclusion, 
the data described here reveal the regulation in proteasome activity in stem 
cells and establishes a novel potential regulator for stem cell function that 
links long-lived phenotype in invertebrates with stem cells maintenance. 
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Muscle contraction routinely causes damage to the plasma membrane of 
muscle cells. Normally, sarcolemmal tears are rapidly repaired maintaining 
tissue integrity. Loss of membrane repair capacity, as seen in patients with 
mutations in the human gene dysferlin (DYSF), lead to muscle degeneration 
resulting in the late-onset autosomal recessive diseases Limb-Girdle 
Muscular Dystrophy 2B and Miyoshi Myopathy. Dysferlin is a member of 
the conserved ferlin family of transmembrane proteins expressed primarily 
in mammalian skeletal muscle cells. Loss of dysferlin function in muscle 
cells prevents vesicles from sealing plasma membrane ruptures, resulting in 
a progressive adult-onset muscular degeneration.  
Mutations in fer-1, the C. elegans homolog of dysferlin, cause infertility. 
This infertility is the result of defective fusion of intracellular vesicles, 
known as membranous organelles, to spermatocyte plasma membrane, 
which is an otherwise obligate event in normal sperm maturation required 
for fertility. The identification of mutations in homologous genes conferring 
biologically similar defects in two different species strongly suggests a 
conserved mechanism of function and provides the rational basis for 
utilizing C. elegans fer-1 mutants as a biological model for human 
dysferlinopathy. We have isolated chemical and genetic suppressors of the 
C. elegans fer-1 mutant sterility phenotype in the hopes of exploiting the 
conservation of biological function between fer-1 and dysferlin to 
ultimately help identify compounds of therapeutic value. 
We have implemented a high-throughput in vivo screen for small molecules 
capable of restoring fertility to a temperature-sensitive C. elegans fer-1 
mutant strain. We identified a number of hit compounds, which have been 
tested in secondary assays examining cytotoxicity and efficacy in 
suppressing a second fer-1 mutant allele. Thus far, we have identified five 
structural classes of chemical suppressors capable of suppressing sterility in 
two different fer-1 mutants. We are expanding upon these structural 
scaffold classes and plan to test these compounds in mammalian models of 
dysferlinopathy. We have also performed a large-scale genetic screen 
isolating genetic suppressors of the C. elegans fer-1 mutant sterility 
phenotype in the hope of identifying conserved genes with potential as 
therapeutic targets. 
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Current understanding of the genetics of aging and longevity allows 
modeling of intervention into aging progression by changing the genetic 
composition of least some cells in an organism. Such modeling can be 
achieved by replacing ‘pro-aging’ allelic variants of certain genes with their 
‘anti-aging’ counterparts. Although several genome manipulation 
approaches can be used to replace/add genes, neither approach is currently 
perfect for the task because it is either not safe or not efficient or not precise 
enough. Our approach to replace DNA fragments in mammalian cells is 
based on tailor-made variants of site-specific DNA recombinase Flp, which 
is extensively used in genome engineering and meets the requirements for 
safety, efficiency and precision.  
 
Applications of site-specific recombinases currently depend on the pre-
introduction of the native recombination sites into a genome locale of 
interest before the desired recombination reaction can be carried out. This 
dependence can be lifted if variants of the recombinases are evolved to 
recognize pre-existing genomic sequences, which resemble the native 
recombination targets. Genomic FRT-like sequences, similar in properties 
but different in the actual sequence, can be found in a mammalian genome 
quite often, on average every 5 kb. Using the target-linked recombinase 
evolution approach, tailor-made Flp variants can be evolved to recognize 
chosen genomic FRT-like sequences. These Flp variants can be used, 
depending on the task, to integrate a gene into such a genomic sequence or 
to replace a DNA fragment flanked by these genomic sequences. We 
present the results on activity of the model evolved variants of Flp 
recombinase able to recognize genomic FRT-like sequences in human IL-10 
gene and Rosa26 locus. These Flp variants can utilize corresponding 
genomic FRT-like sequences as substrates and perform deletion, integration 
and gene replacement reactions. 
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Longevity is often associated with increased resistance to environmental 
stresses. The screening for mutants that exhibit better resistance to stresses 
allows us to identify longevity mutants. Here, we reported the isolation of 
an EP-inserted longevity mutant with up-regulation of a diacylglycerol 
lipase (DAGL) gene. DAGL transgenic flies displayed an increased 
resistance to oxidative stress and starvation, and possessed enhanced 
lifespan. The phosphorylated levels of eIF4E-binding protein (4EBP) and 
S6 kinase (S6K), two key components of Target of Rapamycin (TOR) 
pathway, were decreased in the longevity mutant compared to the control, 
suggesting that DAGL over-expression enhances longevity in Drosophila 
via reduced TOR activity. In addition, we also demonstrated that the 
transgenic worm over-expressing the DAGL orthologous gene had increased 
lifespan and that inactivation of DAGL by RNA-interference decreased 
lifespan in C. elegans. Moreover, the DAGL mutant worms showed 
decreased lifespan and lowered resistance to oxidative stress. The 
knockdown of either DAG kinase or oligopeptide-transporter-2, both 
involved in the TOR pathway, rescued the short-lived phenotype of the 
DAGL-defective worms. Together, it is suggested that over-expression of 
DAGL increases lifespan and stress resistance via decreased TOR activity in 
both Drosophila and C. elegans. 
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Throughout life, adult stem cells play essential roles in maintaining tissue 
and organ function by providing a reservoir of cells for homeostasis and 
regeneration. Therefore, a decline in stem cell number or activity or 
disruption in differentiation potential could contribute to compromised 
organ and tissue function, a characteristic of aging. Drosophila has emerged 
as an ideal system for studying the relationship between stem cells and 
aging, as it has a short lifespan, tissues which are maintained by adult stem 
cells, and conserved pathways known to regulate longevity. We are using 
the Drosophila testis as a model system to determine whether pathways 
known to regulate aging act autonomously or non-autonomously to control 
stem cell behavior. 
 
Currently, it is not known how chronic metabolic changes impact stem cell 
maintenance or self-renewal. To determine the effects of metabolic stresses 
on adult stem cell behavior, we investigated how dietary restriction 
(reducing food intake without malnutrition) and protein starvation affect 
germline stem cells (GSCs) in the Drosophila testis. We demonstrate that, 
concurrent with lifespan extension, dietary restriction (DR) attenuates the 
age-related decline in male GSC number in Drosophila, providing a 
potential mechanism by which DR might delay tissue aging in higher 
organisms. In contrast, flies fed a diet lacking protein (protein starvation) 
rapidly lost GSCs. Strikingly, the remaining GSCs increase their number 
dramatically upon re-feeding, indicating that stem cells are competent to 
respond quickly to changes in systemic nutritional conditions. Activation of 
insulin signaling throughout the niche in the testis was sufficient to suppress 
loss of GSCs upon starvation, and clonal analysis indicated that the insulin 
receptor (dInR) is required autonomously for GSC maintenance, suggesting 
that reduced insulin signaling likely contributes to GSC loss. Our data 
indicate that changes in the systemic environment can be sensed directly by 
GSCs to coordinate stem cell behaviour with the nutritional status of the 
animal, providing a mechanism to maintain tissue homeostasis in response 
to metabolic stress. 
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The development of cancer, and of neurodegenerative diseases such as 
Alzheimer, Parkinson, and Huntington disease is strongly age dependent. 
Discovering drugs that act on the high rate of aging in older individuals 
could be a means of combating these diseases. Reduction of the activity of 
the mitochondrial enzyme CLK-1 slows down aging in Caenorhabditis 
elegans and in mice. Clioquinol is a metal chelator that has beneficial 
effects on cancer in vitro and in vivo, as well as in several cellular and 
animal models of neurodegenerative diseases. We have shown that 
clioquinol inhibits the activity of mammalian CLK-1 in cultured cells, an 
inhibition that can be blocked by iron or cobalt cations, suggesting that 
chelation is involved in the mechanism of action of clioquinol on CLK-
1.We also show that treatment of nematodes and mice with clioquinol 
mimics a variety of phenotypes produced by mutational reduction of CLK-1 
activity in these organisms. These results suggest that the surprising action 
of clioquinol on several age-dependent neurodegenerative diseases with 
distinct aetiologies might result from a slowing down of the aging process 
through action of the drug on CLK-1. Our findings support the hypothesis 
that pharmacologically targeting aging-associated proteins could help 
relieve age-dependent diseases.  
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DNA damage accumulation is a key mediator of both normal and premature 
vascular ageing. Previously, we have demonstrated that prelamin-A 
accumulation is a novel marker of Vascular Smooth Muscle Cell (VSMC) 
ageing that triggers disruption of the nuclear lamina, impinges upon DNA 
damage responses (DDR) and induces VSMC senescence and cell death. 
However, the mechanism of DDR disruption is still poorly defined. In this 
study we describe a novel role for nesprin-2, a lamin-A binding protein, 
during DNA damage induced cell cycle arrest. We demonstrate, using 
immunofluorescence microscopy and immunoprecipitation, that nesprin-2 
associates with both PML and ERK1/2 during DDR and VSMC ageing. 
Moreover, siRNA mediated depletion of nesprin-2 resulted in accumulation 
of DNA damage. We show that DNA damage induced by nesprin-2 
disruption initiates an ERK1/2 dependent G2/M delay. Cells depleted of 
nesprin-2 display hallmarks of G2/M checkpoint failure, including mitotic 
defects that ultimately result in micronuclei formation. Finally, we 
demonstrate that lamin-A is essential for nesprin-2/ERK/PML complex 
organisation. Importantly, prelamin-A accumulation which occurs during 
VSMC ageing stimulates DNA damage and triggers association of this 
complex. Taken together our data highlights an essential role for nesprin-2 
and the nuclear lamina within the DDR and VSMC ageing. 
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The yeast chronological life span, in which survival is monitored in cells 
incubated in liquid minimal glucose medium, in water, or on solid medium 
has allowed the identification of the role of the Sch9 and Ras/adenylate 
cyclase/PKA pathways in lifespan regulation. We and others have 
implicated nutrients and metabolites, such as glucose, acetic acid, and 
ethanol, as promoters of yeast chronological aging. Recently, the extended 
lifespan observed in mutants lacking Sch9, a homolog to mammalian S6 
kinase, and Ras2 was explained by enhanced resistance in these mutants to 
the toxic effect of acetic acid. Here we show that deletion of Sch9 and/or 
Ras2 leads to major lifespan extension when mutants are incubated in media 
lacking acetic acid or ethanol indicating that Tor1/Sch9 and Ras2/AC/PKA 
deficiencies promote longevity independently of acetic acid. Because the 
extracellular carbon sources including glucose, ethanol, glycerol, and acetic 
acid do influence life span, we investigate further their significance and 
potential relevance to higher eukaryotes. 
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Aging is characterized by a functional decline of tissues and organs. Among 
the organs most severely affected is the human kidney. Contributing to this 
loss of function is the accumulation of fibrotic tissue, a process known as 
renal fibrosis. Fibrotic tissue may either derive from mesenchymal cells 
migrating to the interstitium or from epithelial cells lining the interstitium 
that are invading it. Prior to this, these epithelial cells progress through a 
cellular process named epithelial-to-mesenchymal transition (EMT). 
Hallmarks of EMT are loss of E-cadherin expression, loss of cell polarity, 
an enhanced motility and acquisition of a fibroblastoid phenotype. Only 
recently, miRNAs of the miR-200 family and miR-205 have been identified 
as regulators of EMT. 
Using in vitro cultivated renal proximal tubular epithelial cells (RPTECs) as 
a model for cellular aging of the human kidney, we performed a 
transcriptional profiling on mRNA as well as miRNA level. Comparison of 
young to senescent cells revealed an expression profile reminiscent of EMT 
in senescent RPTECs. We observed a strong down-regulation of the EMT 
associated miRNAs at senescence and an anti-correlated expression of 
regulators and markers of EMT, like ZEB1, LGL2 and E-cadherin. 
To functionally test the role of the EMT associated miRNAs we used LNAs 
knockdown probes and transfected them into young RPTECs. Indeed, such 
a knockdown mimicking the senescent phenotype leads to enhanced cell 
motility, a hallmark of EMT. 
These in vitro findings lead us to phrase a hypothesis in which senescent 
RPTECs in the human kidney contribute to the age-related functional 
decline of the kidney by transdifferentiation to a fibroblastoid phenotype 
that might be accompanied with deposition of fibrotic material.  
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CISD2, the causative gene for Wolfram syndrome 2 (WFS2), encodes a 
mitochondrial outer membrane protein. Recently, we have demonstrated 
that Cisd2 is involved in mammalian life span control; our work also 
establishes WFS2 as a mitochondria-mediated disorder and effectively links 
Cisd2 gene function, mitochondrial integrity and aging in mammals. We 
have created a conditional mouse model to study the phenotypic effects of 
Cisd2 deficiency on various tissues during different developmental stages. 
In the muscle-specific Cisd2 knockout mice, which were generated by 
crossing mice containing Cisd2 floxed allele and MCK-Cre transgenic 
mice, obvious phenotypes in both the cardiac and skeletal muscles were 
observed. Structurally, there was a progressive degeneration of muscle 
fibres and the magnitude of the degeneration exacerbated with age. A TEM 
study further revealed that mitochondrial degeneration occurs in the cardiac 
and skeletal muscle cells in these mice. In skeletal muscle, type I (slow-
twitch) myofibres contain a much higher concentration of mitochondria and 
are more dependent on oxidative metabolism than type II (fast-twitch) 
fibres. Histology with metachromatic staining, which can distinguish 
between type I and II fibres, and immunohistochemistry with antibody to 
slow fibre myosin (myosin heavy chain I) revealed a decrease of type I 
myofibres in the soleus of 4-week old muscle-specific Cisd2 KO mice. 
Together, our results indicated that muscle is one of the primary target 
tissues of Cisd2 protein. We are currently carrying out functional analyses 
of the cardiac and skeletal muscles in Cisd2 conventional knockout, muscle-
specific knockout and wild-type mice to have a more comprehensive 
investigation. 
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Menopause occurs in women at around age 50 and is defined by the 
cessation of cyclic menses, which is the result of hormonal cycles of the 
ovarian-pituitary axis. The transition to menopause in women is thought to 
be the consequence of gradual losses of ovarian follicles by the end of the 
reproductive lifespan. Menopause is a unique phenomenon in modern 
women, as most animal species hold a excessive reserve of ovarian germ 
cells/follicles and a reproductive period comparable to their lifespan. Thus, 
in laboratory studies, menopause is usually modeled in animals that the 
ovarian function is removed by ovariectomy, poisoning of germ cell with 
chemical, or genetic mutation. 
We characterized the white spotting variant (Wv) mice that have a much 
reduced ovarian follicle reserve. The mice harbor a c-Kit point mutation, 
which reduces the tyrosine kinase activity to about 5%. As a result, the Wv 
females have a much-reduced germ cell and ovarian follicle number. By 7 
weeks of age, the Wv ovaries are depleted of follicles. We found that the 
Wv females exhibits several physiological changes including reduction of 
bone density, accumulation of body fat, and enlargement of heart, which are 
common features of postmenopausal physiology. We conclude that the Wv 
mice are a suitable ovary-intact model for menopause, which have mimics 
closely the cause and phenotypes of human menopause. 
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To unveil the mechanisms underlying aging in C. elegans, we have carried 
out microarray analysis to profile changes in gene expression between 
young and old worms. Bioinformatics analysis revealed that the promoters 
of the 1254 age-regulated genes are highly enriched for the GATA binding 
motif. We previously found that age-related changes in expression of these 
genes are caused by three GATA transcription factors (elt-3, elt-5 and elt-
6)(Budovskaya et al., Cell 2008). Here, we identify an additional GATA 
transcription factor, egl-27, that also plays an important role during the 
aging process. We found that loss-of-function and gain-of-function alleles 
of egl-27 have opposite effects on lifespan; specifically, overexpression of 
egl-27 extends lifespan while RNAi knockdown of egl-27 decreases daf-2 
lifespan without affecting wild type lifespan. These results indicate that 
levels of egl-27(+) play a critical role in promoting longevity. To determine 
how egl-27 promotes longevity, we performed ChIP-seq analysis to find 
EGL-27 targets. We found that EGL-27 targets are highly enriched for 
genes whose expressions decrease with age, suggesting that EGL-27 plays a 
direct role in regulating the aging process. Further, we found that slow 
aging daf-2 mutants exhibit increased egl-27 expression while fast aging 
elt-3 mutants display decreased egl-27 expression. In addition to the GATA 
DNA binding domain, EGL-27 is homologous to mammalian metastasis 
tumor antigen 1 (MTA1) family, which functions as part of the nucleosome 
remodeling and decacetylase (NuRD) complex. This raises the possibility 
that changes in EGL-27 in old worms affect not only the GATA 
transcriptional network but also chromatin structure in general. 
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Members of the FOXO family regulate genes that contribute both to 
longevity and to resistance to various stresses including oxidative stress. 
Three FOXO proteins (FOXO1, FOXO3 and FOXO4) are widely expressed 
and similarly regulated and have overlapping targets of transcriptional 
regulation. These proteins are negatively regulated by the PI3K-AKT 
signaling pathway. On the other hand, they are also activated by oxidative 
stress, which induces their translocation to the nucleus, thereby facilitating 
their control of gene expression. Recent studies have found that the protein 
kinase MST1 phosphorylates FOXO1 and FOXO3, and that MST1-induced 
phosphorylation of both proteins promotes the nuclear accumulation of 
FOXOs. However, the responsible mechanism for the traffic between 
nucleus and cytoplasm of FOXO by oxidative stress has remained unclear.  
Intracellular signaling cascades are regulated not only by protein kinases 
but also phosphatases. PP2A, a member of the protein Ser/Thr phosphatase 
family, is implicated in the regulation of a various cellular functions. PP2A 
is multimeric enzyme composed of catalytic subunit C, structural subunit A 
and third variable regulatory subunit B. At present, four different families of 
B subunit have been identified termed the B, B’, B’’ and B’’’ and the B’ 
family contains at least five distinct gene products (α, β, γ, δ and ε).  
We here showed that selective dephosphorylation of FOXO at serine within 
NLS (Ser-197 of Foxo4 and Ser-253 of FOXO3) but not at threonin in N-
terminal (Thr-32 of Foxo4 and FOXO3) among Akt phosphorylation sites 
was accompanied the nuclear accumulation of FOXO induced by oxidative 
stress. FOXO was found to interact with a PP2A complex containing A, B’ 
and C subunits. Particularly, a series of PP2A B’ subunits (α, β, γ, δ and ε) 
interacted directly with FOXO and their interactions were increased in 
response to oxidative stress. Furthermore, inhibition of PP2A activity using 
inhibitor or siRNA for PP2A C subunit blocked the dephosphorylation as 
well as the nuclear accumulation of FOXO induced by oxidative stress. 
Likewise, the transcriptional activity of FOXO was also down-regulated by 
blockade of PP2A activity. Taken together, these observations indicate that 
PP2A controls oxidative resistance by activating FOXO activity via 
selective dephosphorylation of FOXO. 
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Maternal aging is associated with diminished reproductive performance, 
and poor oocyte quality is believed to be a key factor in this problem. For 
example, aging in eggs is known to be associated with chromosomal 
abnormalities; however, the underlying causes for this phenomenon are 
poorly understood. One contributing factor might be TAp73, since its 
deficiency in mice causes female infertility at a young age, and it has 
recently been identified as a component of the oocyte spindle assembly 
checkpoint (Tomasini et al., Genes&Dev, 2008; Tomasini et al., PNAS, 
2009). In addition, p73 becomes downregulated with age in both murine 
and human oocytes. Since we have recently identified a spectrum of age-
related oocyte mitochondrial defects, we decided to explore whether TAp73 
is involved in regulation of mitochondrial biogenesis and/or function.  
 
Mitochondrial endowment and activity were measured in metaphase II 
oocytes obtained from superovulated wildtype and TAp73 knockout young 
mice. Mitochondrial number and function were assessed by quantifying 
mtDNA copy number and by measuring FAD++ and NAD(P)H levels. In 
addition, various fluorescent probes were used to assess mitochondrial pool, 
membrane potential and ROS accumulation. The data were collected using 
deconvolution microscope and quantified in DeltaVision software.  
 
Consistent with our previous findings, females lacking TAp73 ovulate 
fewer oocytes than their wildtype sisters. While the quantity of 
mitochondria is significantly increased in germ cells of TAp73 deficient 
animals, the number of functioning organelles is reduced. This is reflected 
by a reduction in superoxide ion and total ROS production, decreased 
mitochondrial membrane potential, and a change in metabolic electron 
carrier levels. In conclusion, our findings indicate that the mitochondrial 
profile of TAp73 deficient germ cells closely resembles that of wildtype 
aged animals, providing further support for the role of TAp73 in 
reproductive failure with age. Having identified specific abnormalities in 
the mitochondrial function, we are currently investigating molecular 
pathways responsible for producing this phenotype.  
 
This work is supported by funding from the Canadian Institutes of Health Research.  
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Objective: Older individuals hospitalized with CAP have a 10-fold increased 
risk of severe sepsis and a 3-fold increase in 90-day mortality compared to 
younger adults, but reasons are unclear. We sought to determine whether 
inflammatory and hemostasis response in patients hospitalized for pneumonia 
varies by age and whether these differences explain higher mortality in the 
elderly.  
Methods: In an observational cohort of community-acquired pneumonia (CAP) 
recruited from emergency departments (ED) in 28 hospitals, we divided 
subjects into 5 age groups (<50, 51-64, 65-74, 75-84, and ≥85) . We measured 
circulating levels of inflammatory (TNF, IL-6, and IL-10), hemostasis (D-
dimer, Factor IX, thrombin-antithrombin complex [TAT], antithrombin [AT] 
and plasminogen-activator inhibitor-1 [PAI-1]), and cell-surface markers (TLR-
2, TLR-4, and HLA-DR) during the first week of hospitalization and at 
discharge and compared 90-day mortality. We used logistic regression to 
compare odds ratios (OR) for 90-day mortality between age groups, adjusting 
for differences in pre-infection factors alone and then additionally adjusting for 
immune markers.  
Results: Of 2183 subjects, 495, 444, 403, 583, and 258 subjects were <50, 51-
64, 65-74, 75-84, and ≥85 years of age, respectively. Large age-related 
differences were observed in 90-day mortality (0.82% vs. 3.2% vs. 6.4% vs. 
12.8% vs. 13.6%, p<0.01) and among survivors of hospitalization, there was an 
age-related increase in mortality up to 1-year after discharge (p<0.001). No age-
related differences in inflammatory and cell surface markers occurred during the 
first week. Older subjects had higher pro-coagulant markers (higher D-dimer, 
TAT and lower PAI-1, AT, factor IX) on ED presentation and over first week 
(p≤0.03), but these differences were modest (1.0-1.7-fold differences). Our 
results remained unchanged when adjusted for the time between the onset of 
symptoms of pneumonia and ED presentation. The odds of death for older 
adults changed minimally in models incorporating differences in hemostasis and 
inflammatory markers (for subjects >85 compared to those <50, OR=4.36, 
when adjusted for pre-infection factors and OR= 3.49 when additionally 
adjusted for hemostasis markers). At discharge, despite clinical recovery as 
evidenced by normal vital signs in >85% subjects, older subjects had modestly 
increased hemostasis markers and IL-6 levels (p<0.01).  
Conclusions: Modest age-related increases in coagulation response occur 
during hospitalization for CAP, however these differences do not explain the 
large differences in mortality. Despite clinical recovery, immune resolution may 
be delayed in older adults at discharge and may explain higher long-term 
mortality among older adults.  
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Adipose tissue functions as an endocrine organ secreting a variety of 
humoral factors, called adipocytokines. Through the secretion of 
adipocytokines, adipose tissue regulates glucose and lipid metabolism and 
controls energy homeostasis at a systemic level. Nicotinamide 
phosphoribosyltransferase (NAMPT) is the rate-limiting enzyme in the 
NAD biosynthesis pathway in mammals. Interestingly, NAMPT has intra- 
and extracellular forms (iNAMPT and eNAMPT, respectively), and 
eNAMPT is secreted from adipose tissue as one of the adipocytokines. 
NAD biosynthesis regulated by both iNAMPT and eNAMPT at a systemic 
level governs many cellular reactions including sirtuins activity. We 
hypothesize that systemic NAD biosynthesis controlled by the level of 
secreted eNAMPT plays an important role in the regulation of aging and 
metabolism. However, the regulation of eNAMPT secretion has not been 
fully understood. We have found that acetylation on NAMPT controls its 
secretion from adipocytes. While iNAMPT is acetylated in adipocytes, 
eNAMPT is not. The acetylation level of iNAMPT is enhanced by the 
treatment of Trichostatin A (TSA) and nicotinamide (NAM), HDACs and 
SIRTs inhibitors, respectively. Contrarily, eNAMPT secretion decreases in 
the presence of TSA and NAM, suggesting that acetylation is a post-
translational modification specific to iNAMPT and that acetylated iNAMPT 
remains intracellularly. We have also found that iNAMPT physically 
interacts with SIRT1 in adipocytes, and this interaction is enhanced under a 
low-glucose and low-serum culture condition. iNAMPT acetylation is 
decreased when SIRT1 is overexpressed, suggesting that SIRT1 interacts 
with and deacetylates iNAMPT. In Sirt1 KO mice, iNAMPT levels in 
adipose tissue significantly increase, while eNAMPT levels in the blood 
decrease compared to control mice. These results strongly support the 
notion that eNAMPT secretion is controlled by SIRT1-mediated 
deacetylation. Taken together, our results indicate a novel feedback loop 
regulating systemic NAD biosynthesis through SIRT1 and eNAMPT and 
provide important insight into therapeutic and preventive intervention for 
metabolic diseases such as type 2 diabetes. 
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For the C/EBPβ transcription factor several protein isoforms (LAP and LIP) 
can be translated from a single mRNA through translation initiation at 
different AUGs. For translation of the truncated isoform (LIP) a small 
uORF is essential (Calkhoven et al., 2000). C/EBPβ is a down-stream target 
of the mTOR pathway, a key factor in energy and nutrient signalling. 
Inhibition of mTOR by rapamycin leads to reduced LIP levels. 
Mice deficient in the small uORF are unable to translationally upregulate 
the LIP isoform (Wethmar et al., 2010) and mimic therefore reduced mTOR 
signalling at the level of C/EBPβ. Other mouse models mimicking reduced 
mTOR signalling (S6K ko, adipocyte raptor ko or calorie restriction) are 
known to have an extended life span. We show that C/EBPβ uORF deficient 
mice have a similar phenotype as these mouse models. Metabolic 
characteristics for an extended life span include a lower body weight, lower 
insulin and glucose levels, better glucose tolerance and insulin sensitivity, 
higher adiponectin level, lower IGF-1 level and a lower core body 
temperature. 
Type 2 diabetes is an emerging problem in the aging society as high-caloric 
food is abundant. It is therefore beneficial for ‘healthy’ aging to be 
insusceptible to diet-induced metabolic changes. 
When C/EBPβΔuORF mice are challenged with a high-fat diet they gain less 
weight than wild-type mice. Intolerance for glucose and insensitivity for 
insulin are the first indicators for diabetes. We show a delayed response to 
diet-induced glucose intolerance and insulin insensitivity in the 
C/EBPβΔuORF mice. Furthermore, they accumulate less fat in their organs. 
C/EBPβ uORF deficient mice increase their body fat content, but mainly in 
the subcutaneous department. CD68 a macrophage marker for inflammation 
is less expressed in adipose tissue of C/EBPβΔuORF mice than wild-type, all 
together indicating a better health status. 
These results implicate an improved ability of C/EBPβΔuORF mice to deal 
with disease states often seen during aging. 
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Lithium (Li+) has been used to treat mood disorders, including bipolar, for 
decades. This drug is neuroprotective and has several identified molecular 
targets. However, it has a narrow therapeutic index and the mechanisms of 
its action are not well understood. We have shown that exposure to LiCl 
throughout adulthood increases survival (up to 46%) during normal aging in 
C. elegans. This extension of lifespan may be attained through altered 
expression of genes encoding nucleosome-associated functions via LSD-1, 
a histone demethylase. 
We have recently found that adult worms exposed to the amyloid-binding 
dye thioflavin-T (ThT) resulted in a profoundly extended lifespan and 
slowed ageing. ThT also suppressed pathological features of mutant 
metastable proteins and human β-amyloid-associated toxicity. These 
beneficial effects of ThT depend on proteostasis network regulation; i.e., 
molecular chaperones, autophagy and proteosomal functions.  
In this work we asked if Li+ and ThT share common mechanisms and 
further explored the mechanism by which lithium extends lifespan. When 
ThT and lithium treatments were combined, we did observe synergistic 
effects on lifespan suggesting that these drugs could share at least some 
molecular mechanisms to increase lifespan. Then we explored whether 
lithium treatment would be able to influence proteostasis in two C. elegans 
models of human proteotoxicity disease. We use two mutant strains of C. 
elegans: CL4176 expresses an aggregating Aβ peptide3-42 in muscle tissue 
and AM141 expresses a polyglutamine (polyQ) expansion protein. Aβ 
aggregates are associated with pathological lesions in Alzheimer’s disease 
(AD) and polyQ aggregation is a feature of a number of neurological 
conditions. When raised at 25°C, worms expressing these proteins in 
muscle accumulate aggregates of these heterologous proteins and become 
paralyzed. We found that 10 mM LiCl significantly decreases the 
proportion of paralyzed worms. We have also tested the ability of 10 mM 
LiCl to prevent the loss-of-function of folding sensors that harbor missense 
mutations expressed in different tissues with temperature-sensitive (ts) 
phenotypes. We found that ThT is able to improve ethanol sensitivity and 
levamizol resistance in gas-1and unc-64 mutants and prevent paralysis on 
mutant worms that express metastable worm proteins previously exploited 
as indicators of the status of the proteostasis network (HE250 and CB1157). 
However, LiCl treatment is just able to increase the lifespan of the C. 
elegans models of human proteotoxicity diseases suggesting that a protein 
specific modulation of proteastasis plays a role on the increased lifespan 
elicited by this compound.  
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Regulation of protein synthesis is critical for cell growth and maintenance. 
Ageing in many organisms, including humans, is accompanied by marked 
alterations in both general and specific protein synthesis. Whether these 
alterations are simply a corollary of the ageing process or have a causative role 
in senescent decline remains unclear. A battery of protein factors facilitates the 
tight control of mRNA translation initiation. The eukaryotic initiation factor 4E 
(eIF4E), which binds the 7-methyl guanosine cap at the 5’ end of all nuclear 
mRNAs, is a key regulator of protein synthesis. In addition, marked alterations 
in cellular energy metabolism are a universal hallmark of the ageing process. 
The biogenesis and function of mitochondria, the energy-generating organelles 
in eukaryotic cells, are primary longevity determinants. Genetic or 
pharmacological manipulations of mitochondrial activity, profoundly affect the 
lifespan of diverse organisms. However, the molecular mechanisms regulating 
mitochondrial energy metabolism during ageing are poorly understood. 
Prohibitins are ubiquitous, evolutionarily conserved proteins, which form a 
ring-like, high molecular weight complex at the inner membrane of 
mitochondria. Prohibitin function has been implicated in carcinogenesis and 
replicative senescence. The nematode Caenorhabditis elegans offers a versatile 
platform in which to investigate the potential link between protein quality 
control, mitochondrial energy metabolism and ageing. We have found that the 
mitochondrial prohibitin complex promotes longevity by moderating fat 
metabolism and energy production in C. elegans. Prohibitin deficiency shortens 
the lifespan of otherwise wild type animals. Remarkably, knockdown of 
prohibitin promotes longevity under dietary restriction, in diapause mutants and 
in animals under metabolic stress. Depletion of prohibitin influences ATP 
levels, animal fat content and mitochondrial proliferation in a genetic-
background- and age-specific manner. Together, these findings reveal a novel 
mechanism regulating mitochondrial biogenesis and function, with opposing 
effects on energy metabolism, fat utilization and ageing. Prohibitin may serve a 
similar key role in the modulation of energy metabolism during ageing in 
mammals. Moreover, we find that loss of a specific eIF4E isoform, IFE-2 that 
functions in somatic tissues, reduces protein synthesis and extends the lifespan 
of C. elegans. Knockdown of the phosphatidyl inositol kinase TOR that controls 
protein synthesis in response to nutrient cues further increases the longevity of 
ife-2 mutants. In addition, reduction of protein synthesis increases ATP 
availability and stress resistance Thus, signaling via eIF4E may influence 
ageing by moderating energy demands and augmenting stress resistance 
mechanisms, though regulation of protein synthesis in the soma. 
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The regulation of epigenetic information by coordinated histone 
modifications is a critical mechanism by which genetic information is 
modulated and silencing is established and maintained. Many processes 
require the modification of histones and other chromatin associated proteins 
in an organized fashion to recruit complexes, alter chromatin accessibility, 
and ultimately accomplish a needed cellular function. The NAD+-dependent 
deacetylase SIRT1 has been shown from yeast to humans to deacetylate 
various histone lysines in order to coordinate the formation of facultative 
heterochromatin and to regulate gene transcription. Here we describe a 
highly specific interaction between SIRT1 and the deubiquitylating enzyme 
USP22. Binding of SIRT1 requires the ZnF-UBP domain of USP22 and 
precludes the interaction of USP22 with the SAGA transcriptional 
activating complex. We further demonstrate that USP22 and its associated 
factors are deacetylated by SIRT1 and that this modulates formation of high 
molecular weight complexes. Finally, we show that a subset of genes are 
transcriptionally co-regulated by USP22 and SIRT1 and that this may be 
due to modification of SAGA formation or activity. Our work highlights the 
importance of SIRT1 in regulating global transcription in response to 
cellular stresses such as metabolic homeostasis and DNA damaging agents 
and raises important questions about the function of human SAGA as well 
as histone deubiquitylation in these processes. 
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In S. cerevisiae recombination between adjacent repeats within the rDNA 
locus leads to the excision of rDNA circles out of the chromosome. These 
extrachromosomal rDNA circles (ERCs) replicate during S-phase, thanks to 
the presence of a replication origin, and are retained in the mother cell 
during cell division. As a consequence they accumulate as the mother cell 
becomes older and cause aging. 
We have recently shown that retention of ERCs depends on the presence of 
a diffusion barrier in the outer nuclear membrane, which prevents free 
diffusion of nuclear pore complexes (NPCs) over the bud neck. 
(Shcheprova et al. Nature 2008). We proposed that ERCs are bound to 
NPCs and that those are retained in the mother cell by the nuclear diffusion 
barrier. 
The SAGA (Spt-Ada-Gcn5-acetyltransferase) complex is involved in 
transcriptional activation, transcription elongation and mRNA export. In 
addition SAGA causes attachment of activated genes to NPCs via 
interaction with the TREX-2 complex.  
Our recent results show that retention of non-centromeric plasmids depends 
on the SAGA and TREX-2 complexes. Neither of the SAGA and TREX-2 
complexes are required for barrier formation or maintenance. Remarkably, 
upon inactivation of their endogenous centromeres, such as that of 
chromosome IV, chromosomes become retained in mother cells. This 
retention also depends on the diffusion barrier and the SAGA complex. 
Furthermore, SAGA deficient cells age primarily in an ERC-independent 
manner. 
We suggest that SAGA and TREX-2 mediate the attachment of non-
centromeric DNA to nuclear pores during mitosis, allowing thereby the 
retention of these aging factors in the mother cell.  
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A hallmark of Alzheimer´s disease (AD) is the accumulation of plaques of 
Aβ1-40 and 1-42 peptides, which result from the sequential cleavage of 
APP by the β and γ-secretases. The production of Aβ peptides is avoided by 
alternate cleavage of APP by the α and γ-secretases. Here we show that 
production of β-amyloid and plaques in a mouse model of AD are reduced 
by overexpressing the NAD-dependent deacetylase SIRT1 in brain, and are 
increased by knocking out SIRT1 in brain. SIRT1 directly activates the 
transcription of the gene encoding the α-secretase, ADAM10. SIRT1 
deacetylates and coactivates the retinoic acid receptor beta, a known 
regulator of ADAM10 transcription. ADAM10 activation by SIRT1 also 
induces the Notch pathway, which is known to repair neuronal damage in 
the brain. Our findings indicate SIRT1 activation is a viable strategy to 
combat AD. We have also investigated the role of SIRT1 in Parkinson's 
Disease (PD) by using a mouse model with A53T α-synuclein mutation. 
Lifespan of PD mice is increased by overexpressing SIRT1 in brain and 
decreased by knocking out SIRT1 in brain. We show that α-synuclein 
aggregates are reduced in PD brain with SIRT1 overexpression, and 
increased by SIRT1 deletion. Overexpression of SIRT1 also increased 
tyrosine hydroxylase staining which is regularly used as a marker for 
dopaminergic neurons. These findings suggest that SIRT1 may be 
protective against PD. It may therefore be critically important to develop 
sirtuin activators tailored to cross the blood brain barrier to treat 
neurodegenerative diseases.  
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REACTIVE OXYGEN SPECIES SIGNALING: AN ALTERNATIVE 
WAY TO ACCOUNT FOR THE CORRELATION BETWEEN 
OXIDATIVE STRESS AND AGING 
 
Siegfried Hekimi  
 
McGill University, Biology, Montreal, H3A 1B1, Canada 
 
The oxidative stress theory of aging postulates that aging results from the 
accumulation of molecular damage caused by mitochondrial reactive 
oxygen species (ROS) generated during normal metabolism. In the 
nematode C. elegans several mutations in mitochondrial proteins lead to a 
substantial increase in longevity. isp-1 and nuo-6 encode subunits of the 
mitochondrial respiratory chain, and sod-2 encodes the main mitochondrial 
superoxide dismutase. We have investigated the involvement of ROS 
metabolism in the mechanisms of longevity of these mutants. Our findings 
indicate that the longevity of these mutants is not the result of lower 
accumulation of oxidative damage. Rather we find that their mitochondria 
display an enhanced generation of ROS, a property that we find to be 
necessary and sufficient for their increased longevity. We also find that 
these ROS act as signalling molecules that modulates gene expression.  
 
In mice, we have found that reduced activity of the mitochondrial enzyme 
MCLK1, which is necessary for ubiquinone biosynthesis, prolongs lifespan. 
In young Mclk1+/- mutants, in which MCLK1 levels are reduced two-fold, 
we observe a reduction of mitochondrial electron transport and an increase 
in mitochondrial ROS generation and oxidative stress. Surprisingly, this 
condition appears to improve several biomarkers of aging measured in 23 
months old animals, including mitochondrial function, serum isoprostanes 
and 8-OHdG, but also liver fibrosis and plasma ALT levels. Furthermore, 
Mclk1+/- were found to be partially resistant in models of age-dependent 
pathologies, including models of cerebral vascular damage, sarcopenia, and 
cancer. To understand this phenomenon we sought to identify protective 
pathways that could be stimulated by increased mitochondrial ROS in these 
mutants. We found that enhanced mitochondrial ROS in cells or animals 
with reduced MCLK1 expression stabilize the hypoxia-inducible factor 
HIF-1α, a transcriptional regulator of a variety of protective mechanisms 
including the native immune response, which we find to be enhanced in 
Mclk1+/- mutants.  
 
I will propose a model that reconciles our observations in worms and mice 
with the large dataset that is the foundation of the oxidative stress theory of 
aging and that points to a correlation between oxidative stress and aging, 
and between oxidative damage and the aged phenotype.  
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Protein ubiquitylation is a key posttranslational control mechanism 
contributing to different physiological processes such as signal transduction 
and aging. The size of the ubiquitin chain that determines whether a 
substrate is efficiently targeted for proteasomal degradation is based on the 
interplay between substrate conjugation and deubiquitylation. A conserved 
factor that orchestrates distinct substrate-processing co-regulators in diverse 
species is CDC-48/p97, a ubiquitin-selective chaperone. Several 
deubiquitylation enzymes (DUBs) have been shown to interact with CDC-
48/p97, however, both the mechanistic and physiological relevance 
remained unclear. Here, we report a synergistic cooperation between CDC-
48 and ATX-3, the Caenorhabditis elegans ortholog of the polyglutamine 
(polyQ) disease causing DUB Ataxin-3, in ubiquitin-mediated proteolysis 
and aging regulation. Surprisingly, we find that in contrast to single 
deletions, worms deficient for both cdc-48.1 and atx-3 show extended 
lifespan by up to 50%, mediated through the insulin/IGF-1 signaling 
pathway. This lifespan extension specifically depends on the 
deubiquitylation activity of ATX-3, indicating that ubiquitin chain editing 
contributes to aging. Intriguingly, the interplay between CDC-48 and ATX-
3 coordinates the formation of size-restricted ubiquitin chains optimal for 
proteasomal targeting. Together, our findings identify a novel mechanistic 
link between proteostasis and insulin/IGF-1 mediated lifespan regulation 
through ubiquitin chain editing. 
 
 
Literature: 
Kuhlbrodt K., Mouysset J., and Hoppe T. (2005). Orchestra for assembly 
and fate of mul-tiubiquitin chains. Essays Biochem. 41, 1-14. 
Janiesch P.C., Kim J., Mouysset J., Barikbin R., Lochmüller H., Cassata G., 
Krause S., and Hoppe T. (2007). The ubiquitin-selective chaperone CDC-
48/p97 links myosin assembly to human myopathy. Nat. Cell Biol. 4, 379-
90. 
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The health of the proteome depends upon protein quality control and the 
proteostasis network to regulate protein expression and folding, and to 
ensure efficient translocation, assembly/disassembly, and clearance. The 
proteostasis network ensures the stability of the proteome when challenged 
by acute environmental and physiological stress and the chronic expression 
of misfolded and aggregated proteins that appear during aging and diseases 
of protein conformation. We have shown that expression of polyglutamine 
and mutant SOD1, for example, causes an imbalance of cellular proteostasis 
that interferes with the folding and stability of other metastable proteins. In 
turn, this leads to an amplification of protein damage that results in a further 
disruption of signaling and regulatory pathways, leading to differential 
tissue dysfunction and organismal failure. This age-dependent collapse in 
the proteostasis network can be restored by enhancing the stress response 
activators Hsf1 and Daf16 resulting in up-regulation of molecular 
chaperones and other protective pathways to counter cell stress and to 
stabilize protein homeostasis. The control of these proteostatic networks is 
also regulated by cell non-autonomous control by specific sensory neurons 
that control the heat shock response and chaperone expression and at the 
level of the synaptic junction by the balance of cholinergic signaling. 
Collectively, these results reveal that the transmission of the environmental 
stress signal involves the balance of active neuronal activity, which serves 
to integrate temperature-dependent behavioral, metabolic, and stress-related 
responses that control proteome stability and as a consequence the 
healthspan of the cell and lifespan. 
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Reducing protein synthesis slows growth and development but can increase 
adult lifespan. We demonstrate that knock-down of eukaryotic translation 
initiation factor 4G (eIF4G), which is downregulated during times of stress 
and dauer state, results in differential translation of genes important for 
growth and longevity. Genome-wide mRNA translation state analysis 
showed that inhibition of ifg-1, the C. elegans ortholog of eIF4G, results in 
increased ribosomal loading and translation of stress response genes. Some 
of these stress response genes are required for lifespan extension and are 
novel determinants of longevity. Furthermore, the enhanced ribosomal 
loading of certain mRNAs was correlated with increased mRNA length. 
This association was also supported by changes in the proteome assayed via 
quantitative mass spectroscopy. Our results demonstrate a role for mRNA 
structure in mediating the antagonistic effects on growth and somatic 
maintenance by modulating translation of specific mRNAs via ifg-1. 
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Studies of aging in model organisms (yeast, worms and flies) have 
identified many genes in whose reduced expression is associated with 
enhanced longevity. Genes linked to the TOR signaling pathway were 
enriched in a yeast genome-wide replicative aging screen. TOR is a central 
mediator of cell growth and division, monitoring nutrient availability and 
regulating multiple downstream events including mRNA translation, 
metabolism, protein homeostasis, ribosome biogenesis and stress response 
pathways. Yeast genetics and the replicative lifespan assay have been 
employed to characterize the pathway(s) downstream of TOR relevant to 
aging, with regulation of translation initiation emerging as one important 
theme. In yeast and worms, reducing 60S ribosomal subunit biogenesis by 
deleting specific ribosomal protein genes, by deleting genes encoding 60S-
specific processing factors, or by pharmacological intervention leads to 
lifespan extension. To determine whether longevity pathways defined in 
yeast and worms are conserved to modulate the aging process in mice, two 
models lacking genes that encode ribosomal proteins (Rpl22-/- and Rpl29-/-
) were chosen to be evaluated because reduced expression of their orthologs 
has been linked to invertebrate lifespan extension. Rpl29-/- mice (but not 
Rpl22-/- mice) display translational defects. We demonstrate that Rpl22-/- 
mice do not exhibit significant alterations in ribosome biogenesis in the 
tissues evaluated, likely due to compensation by Rpl22L1, a novel protein 
paralog of Rpl22. Compared to wildtype mice, Rpl22-/- mice do not appear 
to respond differently to short term nutritional overload. In contrast, when 
fed a high fat diet, Rpl29-/- mice display gender specific differences in their 
metabolic response. Characterization of Rpl29-/- mice showed that in 
addition to reduced body weight and delayed fertility, mice lacking Rpl29 
have reduced fasting glucose when fed regular chow, similar to long-lived 
mouse models. These findings make Rpl29-/- mice promising candidates 
for a longevity study. Current studies are focused on better understanding 
ribosome function and elucidating the role of ribosomal proteins in the 
process of aging and the pathology of disease. As lifespan studies are being 
extended into mammals, new insights are evolving not only about the role 
of the ribosome in aging, but also revealing unexpected properties of 
ribosomal proteins. 
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Resveratrol is a plant-derived polyphenol that extends lifespan in simple 
organisms and promotes disease resistance in rodents. Despite intense 
investigation into its mechanisms of action, the biological processes 
accounting for resveratrol’s beneficial effects have yet to be elucidated. 
Because repression of translation shares many of resveratrol’s beneficial 
effects, we hypothesized that resveratrol was a modulator of translation. We 
studied the effect of the drug on the well characterized H4-II-E rat 
hepatoma cell line. Initial studies showed that resveratrol inhibits global 
protein synthesis in these cells without toxicity. Given the critical role of the 
mammalian Target of Rapamycin (mTOR) in regulating protein synthesis, 
we examined the effect of resveratrol on mTOR signaling. Resveratrol 
inhibited the phosphorylation of two mTOR targets, eIF4E-BP1 and S6K1. 
We also found that resveratrol inhibited the formation of the translation 
initiation complex eIF4F. Resveratrol increased the phosphorylation of 
eIF2α, another mechanism by which translation could be inhibited, an effect 
that was not recapitulated by inhibitors of mTOR. We conclude that 
resveratrol is an inhibitor of global protein synthesis, that this effect may be 
mediated in part through inhibition of mTOR signaling, and that resveratrol 
may have other actions that complement its effects on the mTOR pathway. 
Our results suggest that some of the health benefits of resveratrol may 
involve its ability to inhibit protein translation. 
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Translation of the C/EBPβ-mRNA into the C/EBPβ-LIP protein isoform is 
achieved through re-initiation at a downstream AUG-codon following 
initial translation of an upstream open reading frame (uORF). The nutrient 
and energy sensing mTOR-S6K/mTOR-eIF4 signaling pathway stimulates 
expression of C/EBPβ-LIP, while inhibition of mTOR by rapamycin 
reduces C/EBPβ-LIP levels (Calkhoven et al., 2000, Genes Dev 14, 1920). 
We have generated knock-in mice that are deficient for the uORF and thus 
fail to translationally up-regulate the C/EBPβ-LIP protein isoform 
(C/EBPβΔuORF mice; Wethmar et al., 2010 Genes Dev 24, 15). Therefore the 
C/EBPβΔuORF mutation mimics low mTOR activity at the level of C/EBPβ 
translation. We now show that these C/EBPβ-LIP-compromised mice have 
50% reduced IGF-1 serum levels, which is a key condition that increases 
life span in animals. Moreover, these mice have improved metabolic 
parameters compared to wild type mice: they are lean, show higher insulin 
sensitivity and glucose tolerance, have higher adiponectin levels, and lower 
insulin and glucose levels. Overall their metabolic parameters are very 
similar to phenotypes generated by caloric restriction or genetic 
manipulations that extend life span in mice, including that of the S6K 
knockout or the adipocyte-specific raptor knockout. Furthermore, core body 
temperature of C/EBPβΔuORF mice is lowered by approximately 1˚C, which 
on its own is known to extend life span in mice. Thus our data strongly 
suggest that translational adjustment of C/EBPβ isoform expression is a 
crucial genetic switch coupling nutrient/energy mTOR signaling to the 
insulin/IGF-1 pathway and probably contributes to life span determination. 
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With age, the ability to maintain protein homeostasis declines. The resulting 
deficiencies in protein quality control can have devastating physiological 
consequences, and may contribute to neurodegenerative diseases. We have 
found that protein homeostasis is abrogated in C. elegans exposed to 
hypoxia, as evidenced by increased aggregation of polyglutamine (polyQ) 
containing proteins. The specific hypoxic O2 concentrations that induce 
protein aggregation are modulated by genetic factors, including hif-1. It has 
been recently demonstrated that HIF-1 protein is stabilized and activated by 
hydrogen sulfide (H2S; Budde and Roth, 2010), and we have shown 
previously that low levels of H2S increases lifespan and thermotolerance in 
C. elegans (Miller and Roth, 2007). These data suggested that H2S could 
improve protein homeostasis in stressful hypoxic conditions. Consistent 
with this hypothesis, we have found that adaptation to H2S protects against 
subsequent hypoxia-induced protein aggregation. Remarkably, we have also 
observed that treatment with H2S after the hypoxic insult retards subsequent 
polyQ protein aggregation. These experiments show that protein 
homeostasis, as monitored by polyglutamine-protein aggregation, is altered 
both during and after exposure to hypoxia. Together, our studies show that 
H2S can have long-lasting physiological effects that can improve 
homeostatic mechanisms required to appropriately respond to subsequent 
environmental perturbations. 
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Aging is regulated by a combination of genetic and environmental factors. 
The identification of genes that regulate aging in vertebrates has been 
hampered by the long lifespan of the available vertebrate model systems 
(2.5 years in mice, 5 years in zebrafish). The exceptionally short-lived 
African killifish Nothobranchius furzeri (N. furzeri) is a promising new 
model system for studying the genetics of vertebrate longevity. N. furzeri 
lives in southeastern Africa, in seasonal ponds that completely desiccate in 
the dry season. N. furzeri is the shortest-lived vertebrate that can reproduce 
in captivity, with 3 months of maximum lifespan in the shortest-lived strain. 
Interestingly, there are several wild-derived strains of N. furzeri that show 
striking differences in median lifespan (11 versus 23 weeks) under the same 
laboratory conditions. The difference in lifespan among N. furzeri strains 
persists through several generations, and strains are inter-fertile, providing 
an ideal system for identifying the genetic architecture of longevity using 
quantitative trait loci analysis. We generated the first genetic linkage map 
for N. furzeri by analyzing the allele segregation of genomic markers in F2 
individuals from a cross between a short-lived and a long-lived strain. 
Mapping the survival of F2 individuals on the linkage map revealed several 
quantitative trait loci (QTL) associated with longevity, indicating that 
longevity is a complex trait involving several genes in this species. We are 
currently confirming if the main QTL are linked to longevity in two 
additional crosses between other short-lived and long-lived strains. To 
identify the genomic regions corresponding to the longevity QTL, we are 
sequencing the different strains of N. furzeri, using next-generation ultra-
high-throughput sequencing technology. To directly test the causative role 
of potential longevity loci in N. furzeri, we also developed transgenesis in 
this species of fish. Finally, in an expedition to Africa in May 2010, we 
isolated 5 distinct wild populations of N. furzeri derived from different 
regions that differ in the levels of aridity, and are currently testing if fish 
from different habitats differ in captive lifespan. Our studies should allow 
us to isolate novel longevity genes in vertebrates, and to understand the 
genetic architecture of longevity as well as the evolutionary forces that 
shape lifespan differences in the wild. 
 176 
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Mounting evidence suggests a strong role for SirT1 in mediating the effects of 
calorie restriction (CR). Modulation of the neuroendocrine axis is a common 
trait in most long-lived mouse mutants and mice on calorie restriction. The 
neuroendocrine axis is centrally regulated by the hypothalamus which signals 
the pituitary to synthesize, store, and release hormones into the blood to act on 
peripheral tissues. Here, we provide evidence that sirtuins regulate the 
neuroendocrine axis in mice, specifically in the pituitary.  
 
Normal mice on CR for 6 months have suppressed growth and reproductive 
hormonal axes. Compared to ad libitum (AL) controls, CR mice have reduced 
body size, pituitary and testis weights. CR mice also have reduced serum IGF-1, 
LH, and FSH, which may underpin the reductions in caudal sperm counts and 
fertility. Most importantly, normal mice on CR have reduced pituitary SirT1 
protein levels. We hypothesize that CR reduces pituitary SirT1 and suppresses 
the neuroendocrine axis.  
 
To test this hypothesis, we developed pituitary-specific SirT1 knockout 
(PitSKO) mice. PitSKO mice are dwarfed with reductions in pituitary size, 
pituitary stores of GH, LH, FSH and serum levels of IGF-1, LH, and FSH. 
These mice also have reduced testis size, sperm counts, and fertility. Analysis of 
key pituitary transcription factors revealed that PitSKO mice had reduced Pit1 
mRNA. To determine if SirT1 alters PiT1 activity on known transcriptional 
targets such as the GH and PRL genes, we conducted GH and PRL 
transcriptional activity assays. SirT1 significantly increased the transcriptional 
activity of Pit1 suggesting SirT1 is a co-activator of Pit1. Interestingly, long-
lived Ames dwarf mice (Pit1 mutants) have reduced body weight, 
neuroendocrine signaling, and resemble a phenotype similar to the PITSKO 
mice.  
 
Most recently, we developed pituitary-specific SirT1 over-expressor mice 
(PitSOE). Compared to littermate controls, PitSOE mice have 3-5 fold elevated 
SirT1 in the pituitary. These Tg mice are significantly larger (~20%) and have 
elevated peripheral IGF-1 levels. The fact that PitSOE mice are larger with 
elevated IGF-1 suggests that SirT1 plays a loss of function/gain of function role 
in the pituitary.  
 
Taken together, this data suggests that the regulation of pituitary SirT1 by 
dietary intake plays a critical role in growth and reproduction of the organism. 
In low nutrient conditions, pituitary SirT1 is reduced which suppresses growth 
and reproduction. Under AL conditions, pituitary SirT1 is elevated, which may 
drive growth and reproduction.  
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We have developed a chronological lifespan (CLS) assay to study 
eukaryotic cell aging using the fission yeast Schizosaccharomyces pombe. 
This assay measures how long cells remain viable in a non-dividing state, 
allows a continuous decline in viability without detectable re-growth until 
all cells in the culture are dead, and recapitulates the evolutionarily 
conserved features of lifespan shortening by over nutrition, and lifespan 
extension and increased stress resistance by caloric restriction.  
 
Genome-wide studies in the evolutionarily distant yeast Saccharomyces 
cerevisiae have uncovered several longevity pathways that are conserved in 
other eukaryotes. The current approaches rely on analysis of ORF deletion 
mutants from a large, pre-defined library or by microarray analysis of the 
individual barcodes associated with these deletions. The creation of this 
barcoded, ORF deletion strain set was a major effort that is difficult to 
extend to other model systems. Therefore, we constructed a barcode-tagged 
random insertion mutant library in S. pombe that allowed for the parallel 
selection of mutants with extended chronological lifespan. Mutants selected 
from this library can be analyzed by routine molecular biology techniques 
and without prior knowledge of the barcode sequences.  
 
In a proof-of-principle experiment, ~3,600 barcoded insertion mutants were 
selected in a single culture, in which the mutants with the longest lifespans 
(and their associated barcodes) increase in proportion as the cells with 
shorter lifespans die. By amplifying, oligomerizing and sequencing the 
barcodes from the viable cells late in the lifespan, we identified a long-lived 
insertion mutation in the cyclin gene clg1+/mug80+. Complete deletion of 
the clg1+ ORF also extended lifespan. Clg1p, Pas1p and Psl1p are three 
cyclins that associate with the CDK Pef1p, but only loss of Clg1p extends 
lifespan. Clg1p/Pef1p is homologous to the Pho80p/Pho85p complex in S. 
cerevisiae, which promotes entry into quiescence through the Rim15p 
kinase. We found that the increased longevity of clg1- cells requires the 
Cek1p kinase, a homolog of Rim15p. Thus, long-lived mutants affecting 
evolutionarily conserved pathways can be directly selected from a pool of 
random S. pombe mutants. As Pef1p and Pho85p are similar to human 
CDK5, this longevity pathway may function in metazoans as well. 
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The highly conserved insulin/insulin-like signaling (IIS) and target of 
rapamycin (TOR) pathways play critical roles in aging in various species. 
Mutations in daf-2, which encodes the C. elegans insulin/IGF-1 receptor 
ortholog, double adult lifespan. The lifespan extension is dependent on the 
downstream DAF-16/FOXO transcription factor. The S6 kinase (S6K) 
encoded by rsks-1 mediates the effects of TOR on mRNA translation. The 
rsks-1 mutant shows a moderate lifespan extension in C. elegans. However, 
a double mutant of daf-2 rsks-1 synergistically extends lifespan by over 
400% comparing to the wild-type N2 animals. This synergistic effect is 
fully suppressed by null mutations of daf-16. Consistently, daf-2 rsks-1 
animals have further increased DAF-16 transcriptional activities. Using 
genome-wide microarray analysis, we have identified genes that are 
differentially regulated in the daf-2 rsks-1 background. Through a genetic 
screen by RNAi, we have identified suppressors of the lifespan extension by 
daf-2 rsks-1. One of the most robust suppressor genes encodes a regulatory 
subunit of the AMP-activated protein kinase (AMPK) complex, which 
directly activates DAF-16. These results indicate a positive feedback 
regulation of DAF-16 that involves DAF-2, S6K and AMPK. Therefore, we 
have identified a novel interaction between IIS and TOR signaling that 
results in an extraordinary lifespan extension. 
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Since S. cer evisiae proliferate by the inherently asymmetrical process 
of budding, larger mother cells are easily distinguished from their smaller 
daughter cells. Replicative lifespan assays have revealed the curious 
observation that while mother cells gradually age, daughter cells are 
generally born with a fully regenerated lifespan. Although, the steady 
accumulation of molecular damage is believed to be the major cause of 
cellular aging, the mechanisms whereby mother and daughters age 
asymmetrically are not completely understood. The accepted paradigm 
posits that the selective retention of extra-chromosomal ribosomal DNA 
circles (ERCs) by mother cells act as senescence factors. However, this 
theory is not without its difficulties. First, while dietary restriction is a 
nearly universal means for extending lifespan in a very wide range of cells 
and organisms, the mechanistic relationship between dietary restriction, 
Sirtuins, and ERCs is controversial. Moreover, ERC levels do not always 
correlate with longevity in yeast, and ERC formation does not appear to 
have a role in lifespan determination in higher eukaryotes. Therefore, since 
dietary restriction or inhibition of the TOR pathway produces small, long-
lived cells in yeast and other organisms, we have re-examined the role of 
growth and size in the determination of cellular lifespan in yeast. Herein, 
we report that ageing yeast cells grow steadily and enter senescence at a 
relatively constant cell size. Subsequently, lifespan is abnormally short in 
large cells. Significantly, we find that gene deletions that decrease growth 
and cell size, increase lifespan and vice versa. Specifically, genes that 
disrupt ribosome biogenesis or the TOR pathway frequently produce small, 
long-lived cells. In contrast, deletions that delay cell cycle progression often 
produce large, short-lived cells. In addition, we find that long-lived fob1Δ 
cells are smaller than normal while short-lived sir2Δ cells are larger than 
normal. Importantly, when cell cycle block-and-release experiments were 
used to enlarge the size of a longevity mutant, lifespan was dramatically 
shortened. Attempts to investigate the mechanisms involved revealed that 
constitutive expression of the G1-phase cyclin, CLN2, like dietary 
restriction or rapamycin treatments, reduced the rate of cell growth and 
concomitantly extended lifespan. Since neither dietary restriction nor 
rapamycin could reduce size or extend lifespan in cln1Δcln2Δ cells, we 
conclude that G1-phase cyclins have an integral role in the control of 
cellular lifespan. 
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MicroRNAs (miRNAs) are small, non-coding RNAs that regulate gene 
expression through mRNA degradation, translation inhibition, and 
chromatin modification. Increasing evidence demonstrated that miRNAs 
play important roles in development, homeostasis, and disease. Recently, a 
link between miRNAs and longevity has been demonstrated in C. elegans, 
suggesting their roles in regulation of life span. To study the role of 
miRNAs in human longevity, we set out to discover miRNAs differentially 
expressed in centenarians, a model of human longevity, as compared to 
younger controls using lymphocytes as a tissue surrogate. Since exhaustive 
lists of miRNAs in humans are not available, we used massively parallel 
sequencing by Illumina to discover all possible miRNAs expressed in 
human lymphocytes from Ashkenazi Jewish centenarians (n=3) and 
controls (n=3). We then developed an analytical pipeline to facilitate 
differential miRNA expression analysis from the standard Illumina 
sequence output file. Among a total of 276 known miRNAs and 8 
previously unknown, candidate novel miRNAs expressed in the 
lymphocytes, 11 miRNAs were significantly up-regulated in centenarians as 
compared to controls. We used qRT-PCR to validate the differential 
expression and performed a cross-sectional study to measure the expression 
of the longevity-associated miRNAs at different age groups from middle 
age onwards. The predicted and validated targets of these miRNAs included 
genes implicated in cell growth signaling, apoptosis, and cellular 
senescence. Subsequent functional analysis of the longevity-associated 
miRNAs will provide the mechanistic insights into the function and 
regulation of miRNAs and their roles in human longevity. 
 181 
DCBS AND THE TRANSSULFURATION PATHWAY MODULATES 
LIFESPAN AND HEALTSPAN IN DROSOPHILA 
 
Hadise Kabil1, Omer Kabil1, Lawrence Harshman2, Robert Wessells3, Scott 
Pletcher1  
 
1University of Michigan, Molecular and Integrative Physiology, Ann Arbor, 
MI, 48109, 2University of Nebraska-Lincoln, School of Biological Sciences, 
Lincoln, NE, 68588, 3University of Michigan, Internal Medicine, Ann 
Arbor, MI, 48109 
 
We have identified Drosophila cystathionine β-synthase (dCBS) and its 
associated metabolic pathway, the transsulfuration pathway (TSP), as an 
underlying mechanism for diet-regulated longevity for Drosophila 
melanogaster. dCBS is highly conserved through evolution. The TSP 
activity is modulated by diet, and its activity is required for longer life and 
other physiological changes related with dietary restriction. Ubiquitous 
overexpression of dCBS increases lifespan, modifies both lipid and protein 
metabolism. dCBS overexpression also improves cardiac function, which 
declines as a function of age. Interestingly, we find that tissue-specific 
dCBS overexpression protects against cardiac failure in a non cell-
autonomous manner, indicating that this gene may play an essential role in 
maintenance and function of the neuro-endocrine system.  
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Single-gene lesions with large effects have been useful for the rapid 
identification of major pathways influencing aging. However, our 
understanding of the ecological relevance and the physiological interactions 
of the known longevity pathways would be enhanced by studying natural 
polymorphisms in genes affecting longevity. In order to identify and 
characterize such polymorphisms, we are analyzing variation in longevity 
across CB4856 x N2 recombinant inbred advanced intercross lines 
(RIAILs) (Rockman and Kruglyak 2009). 
 
In the first phase of the project, we facilitated our analysis of the RIAILs by 
developing “Chronos,” a high-throughput longevity assay pipeline to count 
worms and estimate longevity curves. We identified long and short-lived 
RIAILs as well as a longevity-linked region of Chromosome IV, with the 
N2 genotype conferring higher longevity than the CB4856 genotype. While 
N2 and CB4856 longevity were similar, a number of the RIAIL life spans 
differed from either parent. This suggests that parental life span has 
converged, but hidden genetic variation is revealed when co-adapted alleles 
are separated.  
 
We are currently cloning the genetic locus under the linkage peak on Chr. 
IV. The initially identified region has been reduced by >60% using five 
different near isogenic lines (NILs) made by us and Doroszuk et al. (2009). 
The minimal region contains 40 SNPs with predicted functional changes. 
We are testing our best candidates with RNAi and transgenic lines.  
 
Additionally, a long-lived RIAIL QX203 and its sib-strain QX202 share 
~70% of their genotype, but QX202 is not long-lived. Comparison of their 
genotypes reveals a polymorphism in the FOXO transcription factor daf-16. 
Microarray data for QX203 vs. QX202 reveals expression differences in 
known daf-16-regulated genes (Murphy et al. 2003). The two RIAILs do 
not have a genetic difference in the Chr. IV longevity-linked region. By 
investigating how natural variation influences longevity, gene expression 
and genetic interactions, we hope to gain insight into how longevity 
pathways interact under natural conditions. 
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The insulin/IGF-1 signaling (IIS) pathway is a conserved regulator of 
longevity, development and metabolism. Several kinases that activate IIS 
have been well-characterized, however, only a few phosphatases have been 
identified that counterbalance their activity. We identified pyruvate 
dehydrogenase phosphatase (pdp-1) in an RNAi screen for serine/threonine 
phosphatases that modulated the C. elegans IIS pathway. PDP-1 regulates 
multiple outputs of IIS, including longevity, stress-resistance and fat 
storage. In particular, loss of pdp-1 drastically reduces the lifespan of long-
lived mutants. Additionally, PDP-1 promotes DAF-16/FOXO nuclear 
localization as well as transcriptional activity to upregulate antioxidant and 
heat-shock protein genes. Genetic epistasis analyses place PDP-1 in the 
DAF-7 TGF-β signaling pathway at the level of the R-SMAD proteins 
DAF-8 and DAF-14. We are currently investigating the mechanism by 
which PDP-1, a phosphatase in the TGF-β pathway, robustly modulates 
IIS/DAF-16. 
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In chronologically aging yeast, longevity can be extended by administering 
a caloric restriction (CR) diet or some small molecules. These life-
extending interventions target the adaptable target of rapamycin (TOR) and 
cAMP/protein kinase A (cAMP/PKA) signaling pathways that are under the 
stringent control of calorie availability. We designed a chemical genetic 
screen for small molecules that increase the chronological life span of yeast 
under CR by targeting lipid metabolism and modulating housekeeping 
longevity pathways that regulate longevity irrespective of the number of 
available calories. Our screen identifies lithocholic acid (LCA) as one of 
such molecules. We reveal two mechanisms underlying the life-extending 
effect of LCA in chronologically aging yeast. One mechanism operates in a 
calorie availability-independent fashion and involves the LCA-governed 
modulation of housekeeping longevity assurance pathways that do not 
overlap with the adaptable TOR and cAMP/PKA pathways. The other 
mechanism extends yeast longevity under non-CR conditions and consists 
in LCA-driven unmasking of the previously unknown anti-aging potential 
of PKA. We provide evidence that LCA modulates housekeeping longevity 
assurance pathways by 1) suppressing lipid-induced necrotic cell death by 
reducing the intracellular levels of free fatty acids and diacylglycerol; 2) 
attenuating mitochondrial fragmentation, a hallmark event of age-related 
cell death; 3) altering oxidation-reduction processes in mitochondria, 
including oxygen consumption, the maintenance of membrane potential, 
and reactive oxygen species production; 4) enhancing resistance to 
oxidative and thermal stresses; 5) suppressing mitochondria-controlled 
apoptosis; and 6) enhancing stability of nuclear and mitochondrial DNA. 
We suggest that LCA and other bile acids released to the environment by 
mammals could act as interspecies chemical signals providing longevity 
benefits to yeast. We therefore propose a unified hypothesis of the 
xenohormetic and hormetic selective forces driving the evolution of 
longevity regulation mechanisms at the ecosystemic level. 
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Stem cells are rare and unique precursor cells that enable both normal 
turnover and regenerative replacement of differentiated cells in many adult 
tissues. Tight regulation of stem cell number and function in vivo is 
essential to maintain healthy tissues, although in most cases the mechanisms 
by which this regulation is achieved remain mysterious. We have used cell 
surface marker expression to purify from mouse skeletal muscle self-
renewing, myogenic skeletal muscle precursor cells (SMPs), as well as a 
distinct population of Sca1-expressing progenitors that exhibits little 
myogenic activity but has potent fibrogenic and adipogenic potential. Our 
studies indicate a dynamic regulation and functional interaction of these 
discrete precursor populations during the lifetime of normal animals, and 
implicate both as potential instigators of muscle pathology during aging. 
Moreover, our work demonstrates that endogenous targeting of these cells 
in aged muscle tissue, focusing specifically on pathways that regulate their 
self-renewal and differentiation efficiency, provides a viable avenue for 
therapeutic intervention to reverse age-dependent loss of muscle repair 
activity and stimulate accelerated recovery after injury. 
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We have recently genome-wide screens for long-lived yeast deletion strains 
in the yeast replicative and chronological aging assays. Here, we discuss 
findings from analysis of replicative lifespan, which is defined as the 
number of daughter cells that one yeast mother can produce. Of the nearly 
5,000 gene non-essential gene deletion strains that have been analyzed, 
approximately 100 of them are long-lived. Interesting the yeast aging genes 
overlap significantly with worm aging genes, usually identified since RNAi 
directed to a worm gene results in extended lifespan. Much of the overlap 
occurs in genes encoding components of the TOR pathway. Recent studies 
by the NIA Intervention Testing Program validate the TOR pathway as 
central to aging in mammals. Here we describe two approaches to better 
understand yeast aging and aging in general. Regarding genetics, we have 
performed large-scale epistasis analysis in an effort to put aging genes into 
coherent pathways. However, results from these studies are proving 
unexpected, leading to the conclusion that classical interpretation of 
epistasis studies is insufficient and leading to the generation of an epistasis 
network for yeast aging. We hypothesize that similar results will be 
obtained in aging studies using other organisms given the complex, 
multifaceted nature of the phenotype. In a second set of studies, we are 
determining the relevance of chromatin modification to yeast aging through 
several parallel approaches. Interestingly, the longest lived yeast deletion 
strain lacks SGF73, which encodes a component of the SAGA complex. 
Efforts to understand the mechanism(s) by which Sgf73 modulates aging, 
and other chromatin-related studies, will be presented.  
 187 
NO EFFECT OF SIRTUINS ON AGING IN C. ELEGANS OR 
DROSOPHILA 
 
Sara Valentini1, Camilla Burnett1, Filipe Cabreiro1, George Sutphin2, Vid 
Leko3, Matt Piper1, Josh McElwee1, Tony Bedalov3, Matt Kaeberlein2, 
Linda Partridge1, David Gems1  
 
1Institute of Healthy Ageing, University College London, London, WC1E 
6BT, United Kingdom, 2Department of Pathology, University of 
Washington, Seattle, WA, 98195-7470, 3Fred Hutchinson Cancer Research 
Center, University of Washington, Seattle, WA, 98109-1024 
 
Sirtuins (silent information regulator 2 [Sir2] proteins) belong to an 
evolutionary conserved family of NAD+-dependent histone deacetylases 
(HDACs). Early studies report that elevated sirtuin levels increase lifespan 
in yeast, C. elegans and fruitflies, and that sirtuins mediate effects of dietary 
restriction (DR) on aging. Controversially, it was shown that DR extends 
lifespan in yeast through a mechanism that does not involve activation of 
sirtuins1. The influence of Sir2 orthologs on aging in higher organisms has 
also been investigated. Sirtuin transgene over-expression proved to increase 
lifespan in C. elegans2,3 and Drosophila4. However, effects of transgene 
over-expression on lifespan that can be confounded by genetic background 
variation5. We have performed a multi-laboratory study of the impact of 
Sir2 over-expression on aging, carefully controlling for genetic background. 
In C. elegans, outcrossing long-lived lines with high-level sir-2.1 over-
expression (LG100)2 or lower-level over-expression (NL3909)3 abrogated 
longevity without affecting sir-2.1 over-expression. RNAi of sir-2.1 
suppressed transgene-induced over-expression but not longevity. LG100 
also exhibited a dye-filling (Dyf) defect that, unlike the transgene, co-
segregated with longevity. 
In Drosophila, over-expression of dSir2 (EP-UAS-dSir2 with the 
ubiquitously-expressed tubulin-GAL4 driver) extended lifespan relative to 
wild-type flies, as reported3. However, flies bearing both EP-UAS-dSir2 
and tub-GAL4 were not longer lived than genetic controls containing either 
EP-UAS-dSir2 or tub-GAL4 alone. Moreover, DR-induced longevity was 
not dSir2 dependent. Additionally, the HDAC activity of recombinant dSir2 
measured either by fluorescence-based or radiolabeling assays was not 
activated by resveratrol.  
The combined efforts of our studies illustrate the importance of excluding 
genetic background effects in studies of the impact of individual genes on 
lifespan. These suggest that the effects of Sir2 over-expression on aging 
might be limited to yeast. 
 
 
1 Science 310,1193-6 (2005). 2 Nature 410, 227 (2001). 3 Dev Cell 9, 605 
(2005).4 PNAS 101, 15998 (2004). 5 Nature 450, 165 (2007) 
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DEMOGRAPHY OF DIETARY RESTRICTION IN DROSOPHILA 
 
William W Ja1, Gil B Carvalho2  
 
1The Scripps Research Institute, Metabolism & Aging, Jupiter, FL, 33458, 
2California Institute of Technology, Biology, Pasadena, CA, 91125 
 
Dietary restriction (DR) is a widely conserved intervention leading to 
lifespan extension. For most species, the demographic mechanisms of DR 
remain a mystery. In Drosophila, DR elicits a rapid reduction in the risk-of-
death (Mair et al., 2003), raising the possibility that, in higher organisms, 
midlife-instigated nutrient restriction is as beneficial as lifelong exposure. 
Here, we show that the reported demographic trend is fully recapitulated by 
ad libitum water access, suggesting that it is a result of water rather than 
nutrient ingestion, and thus unlikely to reflect a conserved mechanistic basis 
for DR. Lifespan extension was also abolished in the presence of a water 
source under commonly used DR conditions. Demographic analysis using a 
water-independent paradigm that likely represents a more relevant model 
for mammalian DR shows that midlife-initiated DR decelerates the 
subsequent rise of mortality rate, but does not reverse mortality or induce an 
instant drop to the level of chronically exposed animals. Thus, when water 
is not limiting, DR extends the lifespan of Drosophila, and possibly higher 
organisms, by slowing the accumulation of age-related damage, not by 
reducing the short-term risk-of-death. Our findings directly challenge 
existing views on the mechanistic basis of DR and have broad implications 
for the study of lifespan and nutrition in model organisms. 
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REGULATION OF SENESCENCE-ASSOCIATED INFLAMMATORY 
CYTOKINE SECRETION BY THE TOR LONGEVITY PATHWAY 
 
Rémi-Martin Laberge1, Arturo V Orjalo1, Adam Freund1, Christopher K 
Patil1, Pankaj Kapahi1, Judith Campisi1,2  
 
1Buck Institute for Age Research, Hilbloom center, Novato, CA, 94945, 
2Lawrence Berkeley National Laboratory, Life sciences division, Berkeley, 
CA, 94720 
 
Senescent cells secrete numerous pro-inflammatory molecules that 
comprise the senescence-associated secretory phenotype (SASP). Because 
senescent cells accumulate in aging organisms, the SASP might be a source 
of the chronic inflammation that is characteristic of aging tissues and many 
age-related diseases. The protein kinase mammalian target of rapamycin 
(mTOR) is a major regulator of nutrient sensing, cell growth and mRNA 
translation, and mTOR signaling is dysregulated in several age-related 
diseases, especially certain cancers. Because mTOR inhibition by 
rapamycin extended life span in mice, we hypothesized that mTOR might 
play a role in regulating the SASP.  
 
We found that human fibroblasts downregulate mTOR activity when they 
become senescent. As expected, rapamycin further decreased mTOR 
activity. Surprisingly, however, rapamycin decreased the transcription of 
several SASP components, ultimately leading to decreased secretion. 
Depletion of mTOR, or its target S6K, by RNA interference phenocopied 
the effects of rapamycin, confirming is specificity. Interestingly, exogenous 
recombinant IL-1α overcame the ability of rapamycin to suppress the SASP. 
This result supports our finding that IL-1α is an important initiator of the 
SASP, and suggests that mTOR might specifically target IL-1α mRNA 
translation, a possibility we are currently testing.  
 
Our findings suggest mTOR inhibition might increase life span in part by 
suppressing inflammation driven by senescent cells. Further, they suggest 
strategies for preventing the deleterious effects of inflammation caused by 
DNA damaging therapies, such as those used to treat many cancers, which 
induces senescence and a SASP in vivo.  
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DIETARY PROTEIN/ESSENTIAL AMINO ACID SENSING AND 
STRESS RESISTANCE 
 
Wei Peng, Lauren Robertson, Sarah Vose, Jay Mitchell  
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Dietary restriction (DR) extends lifespan and increases stress resistance in 
most organisms tested. In mammals, the underlying nutritional triggers and 
genetic requirements of these benefits remain elusive. Previously we 
reported that short-term DR (2-4 weeks of 30% daily reduced food intake) 
and fasting (1-3 days) increase resistance to the acute stress of renal 
ischemia reperfusion injury, a phenomenon we call dietary preconditioning. 
Here we determined the role of protein/amino acid restriction in dietary 
preconditioning. We found that total protein deprivation for 6-14 days in the 
absence of reduced calorie intake led to increased resistance to renal 
ischemia reperfusion injury. Deprivation of individual essential amino acids 
including tryptophan, methionine and leucine also improved outcome 
following ischemic kidney injury. Interestingly, a robust amino acid 
starvation response was detected in the liver but not in the kidney following 
single amino acid deprivation, indicating systemic mechanisms of 
protection. Data regarding suppression of systemic innate immune function 
and potential beneficial consequences in the context of ischemic injury will 
be discussed. The role of amino acid sensing in stress resistance was tested 
using mice deficient in a key mediator of the amino acid starvation 
response, Gcn2. Gcn2 is activated by uncharged tRNAs and can thus in 
principle detect deficiency in any single amino acid. Consistent with a role 
for amino acid sensing in modulation of stress resistance, the benefits of 
tryptophan deficiency were lost in Gcn2 knockout mice. Together, these 
data point to amino acid sensing as a key modulator of acute stress 
resistance by dietary preconditioning. 
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QUANTITATIVE ANALYSIS OF THE MTOR SIGNALING NETWORK 
 
Aaron M Robitaille, Paul Jenoe, Michael N Hall  
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The target of rapamycin (TOR) is an atypical Ser/Thr kinase that positively 
regulates cell size, proliferation, and survival, while inhibition of TOR 
signaling extends lifespan. TOR forms two functionally distinct 
multiprotein complexes, TORC1 and TORC2, which are conserved from 
yeast to human. Nutrients activate mammalian TOR (mTOR) complex 1 
(mTORC1), where as growth factors activate mTORC1 and mTOR 
complex 2 (mTORC2). Raptor and Rictor are essential components of 
mTORC1 and mTORC2, respectively. We applied a functional proteomics 
approach to quantitatively identify novel mTOR regulated phosphoproteins. 
To distinguish phosphorylations regulated by mTORC1 or mTORC2, we 
specifically deleted Raptor or Rictor using an inducible gene knockout 
system in mouse embryonic fiberblasts (MEFs). We have detected 4584 
phosphorylation sites on 1398 proteins and identified 84 novel mTOR 
effectors. Kinase-motif analysis revealed the down-regulated mTOR 
effectors contain pSer/Thr-Pro or Arg-x-x-pSer sites. These results suggest 
that mTOR regulates the identified novel effectors directly or via AGC 
kinase activation. We then compared the biological properties of all novel 
mTOR effectors and identified several functional clusters. Many of the 
novel mTOR effectors are over-expressed in cancer or linked to metabolic 
disorders. Thus, mTOR regulates a large and diverse set of effectors to 
ultimately control cell growth and affect aging. These and additional results 
on the biological function of novel mTOR effectors will be presented. 
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PROTEOSTASIS 
 
Rebecca Taylor, Kristen Berenzden, Jenni Durieux, David Vilchez, Andrew 
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Ageing cells accumulate damaged and misfolded proteins through a decline 
in function of their protein homeostasis (proteostasis) machinery, leading to 
a reduced cellular viability and the development of protein misfolding 
diseases such as Alzheimer’s and Huntington’s. Metabolic signaling 
pathways that regulate the ageing process, mediated by insulin/IGF-1 
signalling, dietary restriction, and reduced mitochondrial function, can 
modulate the proteostasis machinery in many ways to maintain a youthful 
proteome for longer and prevent the onset of age-associated diseases. These 
mechanisms therefore represent potential therapeutic targets in the 
prevention and treatment of such pathologies. Working in both invertebrate 
models and mice, we have discovered an extracellular signaling mechanism 
that links the unfolded protein response of the mitochondria in a cell non-
autonomous manner. We find that this signaling mechanism is essential for 
extreme longevity and will present data describing its role in organismal 
proteostasis management as well as its identity and mode of action.  
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C. ELEGANS SIR-2.1 MODULATES NEMATODE LIFE SPAN 
 
Mohan Viswanathan, George F Spracklin, Leonard Guarente  
 
Massachusetts Institute of Technology, Dept. of Biology, Cambridge, MA, 
02139 
 
C. elegans sir-2.1 is a member of the conserved Sir2 family of NAD+-
dependent protein deacetylases implicated in aging regulation. Transgenic 
animals containing integrated copies of sir-2.1 have been shown to extend C. 
elegans life span1, 2, 3, while loss-of-function sir-2.1 mutations shorten life span3. 
In addition, extension of nematode life span by resveratrol treatment has been 
shown to be dependent upon sir-2.13, 4.  
 
We have found that the high-copy number sir-2.1 transgenic strain LG100 
geIn3 [rol-6 (su1006) sir-2.1(+)], which was initially reported to have ~50% 
increase in life span extension, shows a reduction in life span when backcrossed 
to wild-type N2 worms. The integrated geIn3 transgene contains sir-2.1 under 
the control of its intergenic promoter (as opposed to its natural operonic 
promoter), controlling expression of sir-2.1 in nerve cells and hypodermis5. 
LG100 animals are dye-filling defective, a phenotype associated with defects in 
sensory neurons, which can extend life span6. We have backcrossed LG100 
separating the dye-filling defect from the sir-2.1 transgene. While not as long-
lived as LG100, outcrossed animals bearing geIn3 still demonstrate a significant 
~10% life span extension compared to control animals, this extension is similar 
in magnitude to that seen in lines expressing sir-2.1 from non-integrated arrays. 
 
More recently, we have isolated a number of independently derived low-copy 
number sir-2.1 integrated transgenic lines generated by non-mutagenic 
microparticle bombardment. These lines containing integrated copies of the full 
sir-2.1 operon and express sir-2.1 approximately 1.3 to 2-fold over wild type 
levels. We have examined four independent lines and found each to extend 
mean life span ~10-30% compared to control lines. We hypothesis that the 
differences seen in life span extension between the previously published high-
copy sir-2.1 transgenic lines and low-copy lines is likely due to expression 
levels and/or tissue specific expression differences. Moreover, this work and 
studies performed by a number of groups studying sir-2.1 are consistent with 
the notion that sir-2.1 regulates life span and stress-response through both daf-
16 dependent and independent pathways in C. elegans 1, 2, 3, 7. 
 
1. Nature. 2001 Mar 8;410(6825):227-30 
2. Cell. 2006 Jun 16;125(6):1165-77 
3. Dev Cell. 2005 Nov;9(5):605-15 
4. Nature. 2004 Aug 5;430(7000):686-9 
5. Mech Ageing Dev. 2009 Nov-Dec;130(11-12):762-70 
6. Nature. 1999 Dec 16;402(6763):804-9. 
7. Mech Ageing Dev. 2006 Sep;127(9):741-7. 
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YEAST CHRONOLOGICAL SURVIVAL IS DETERMINED BY A 
PRIVATE MECHANISM DISTINCT FROM CONSERVED AGING 
PATHWAYS.  
 
Christopher R Burtner1, Christopher J Murakami2, Matt Kaeberlein2, Brian 
K Kennedy3,1  
 
1University of Washington, Department of Biochemistry, Seattle, WA, 
98195, 2University of Washington, Department of Pathology, Seattle, WA, 
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We recently identified acetic acid toxicity as a private mechanism of aging 
in the yeast chronological lifespan assay (CLS)1; however, the extent to 
which the stress response to acetic acid in yeast overlaps with other 
pathways implicated in aging (such as oxygen radicals and genotoxic stress) 
remained unknown. Previously, it was demonstrated that single-gene 
deletions in yeast corresponding to orthologs of C. elegans aging genes are 
statistically enriched for long yeast replicative lifespan (RLS), suggesting 
that aging pathways between these two divergent eukaryotes are 
evolutionarily conserved2. To address whether chronological aging in yeast 
shares aspects with these identified conserved aging pathways, we assayed 
the CLS of 237 single-gene deletions corresponding to the conserved yeast 
aging orthologs. In contrast to the yeast RLS, we found no significant 
enrichment for chronological longevity compared to a background screen 
consisting of 206 randomized gene deletions. To ascertain if pH of the 
culture medium was a determinant of chronological survival, we identified 
102 single-gene deletions that differentially affect culture medium pH, 28 of 
which lived significantly longer than wild type. This represents a statistical 
enrichment of genetic longevity determinants. Our results suggest that yeast 
chronological viability is determined by a private mechanism that is distinct 
from aging pathways conserved between the yeast replicative lifespan and 
worm lifespan, and that extended chronological survival is strongly 
predicted by culture medium pH.  
 
1 Burtner, C.R., et al. A molecular mechanism of chronological aging in 
yeast. Cell Cycle 8, 1256-1270 (2009). 
2 Smith, E.D., et al. Quantitative evidence for conserved longevity pathways 
between divergent eukaryotic species. Genome Res. 18, 564-570 (2008). 
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REGULATOR OF THE SENESCENCE-ASSOCIATED SECRETORY 
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Cellular senescence suppresses tumorigenesis by forcing potentially 
oncogenic cells into a permanent arrest of cell proliferation. However, 
senescent cells also secrete inflammatory cytokines that can contribute to 
age-related pathology, including cancer. While much is known about the 
regulation of senescence growth arrest, the regulation of this senescence-
associated secretory phenotype (SASP) remains unclear. We show, in 
normal human fibroblasts, that senescence-inducing stimuli activate 
p38MAPK, thereby increasing the secreted levels of many SASP factors. In 
cells made senescent by either ionizing radiation or oncogenic RAS, 
inhibition of p38MAPK reduced the secreted levels of the majority of SASP 
factors. Additionally, constitutive p38MAPK activation was sufficient to 
induce many SASP factors. p53 activity restrains the SASP via an unknown 
mechanism, suggesting that senescent cells from p53 mutant tumors might 
be more deleterious to the surrounding tissue than normal senescent cells. 
We found that p53 restrains the SASP by inhibiting p38MAPK activation; 
in the absence of p53, p38MAPK was more active, and the amplified SASP 
was p38MAPK dependent. The DNA damage response (DDR) plays a vital 
role in senescence and is important for the expression of some SASP 
factors. However, we show that p38MAPK activation is independent of 
multiple components of the DDR and that constitutive p38MAPK activation 
induces a SASP without inducing DNA damage or the DDR. Lastly, we 
show that p38MAPK mediates the SASP at the mRNA level by modulating 
NF-kB transcriptional activity. These findings assign p38MAPK a novel 
role in SASP regulation – one that is necessary, sufficient, and independent 
of previously described pathways. 
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DIET ON LIFESPAN IN C. ELEGANS 
 
Mark Lucanic, Jason M Held, Maithili C Vantipalli, Ida M Klang, Bradford 
W Gibson, Gordon J Lithgow, Matthew S Gill  
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94945 
 
Dietary restriction (DR) is one of the most robust means of extending adult 
lifespan and postponing age-related disease in many species, including 
yeast, worms, flies and rodents. Genetic analysis of DR in the nematode C. 
elegans has implicated a number of signaling pathways and transcription 
factors as key players in this process. However, little is known about the 
internal metabolic signals that coordinate the organismal response to DR 
and maintain internal homeostasis when nutrients are limited. The 
endocannabinoid (EC) system is well placed to play such a role given its 
involvement in regulating nutrient intake and energy balance. Despite this, a 
direct role for endocannabinoid signaling in DR or lifespan determination 
has yet to be demonstrated, in part due to the apparent absence of 
cannabinoid signaling pathways in model organisms that are amenable to 
lifespan analysis such as the nematode C. elegans. We have defined a 
functional EC system in C. elegans and found that endocannabinoids 
influence stress resistance and lifespan in adult animals, particularly in 
response to dietary conditions. Specifically, we find that endocannabinoid 
deficiency leads to lifespan extension through a dietary restriction 
mechanism. Conversely supplementation with one of the nematode 
endocannabinoids inhibits DR-induced lifespan extension. These data 
provide the first evidence of a role for endocannabinoid signaling in 
organismal aging and indicate that endocannabinoids may provide an 
internal signal coordinating nutrient status with metabolic changes that 
ultimately determine lifespan. 
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The mammalian homolog of yeast Sir2, SIRT1, has been shown to play 
important roles in numerous age-related pathologies. As such, it has 
emerged as an attractive candidate for drug design. Natural and synthetic 
SIRT1 activators which appear to work in vivo have been described. 
However, their mechanism of action is widely debated due to the inability 
of these compounds to activate SIRT1 in vitro on substrates lacking a 
fluorescent moiety. We have developed two new assays which enable the 
measurement of SIRT1 activity on native peptides and proteins. Using these 
technologies, we have performed an enzymatic characterization of SIRT1 
and its activation by STACs (Sirtuin Activating Compounds) using a 
variety of substrates. Our data shows that activation can take place when 
fluorescent groups are substituted by bulky hydrophobic amino acids but 
not small uncharged ones, providing a potential clue as to how SIRT1 
selects it's targets in vivo. The kinetic mechanism by which STACs are able 
to activate these untagged substrates has been examined. Furthermore, using 
a mutagenic screen, we identified E230 as a residue critical for allosteric 
activation of SIRT1 by STACs. Remarkably, specific substitution of this 
residue does not alter the kinetics of the enzyme, but blocks the activation 
of SIRT1 by all STACs examined. Studies examining the phenotype of this 
mutation using reconstituted SIRT1 knockdown and knockout cells are in 
progress. Using a large-scale proteomic analysis, we have found that 
mutation of E230 specifically blocks binding to the endogenous SIRT1 
inhibitor DBC1, while all other interactions are unaffected. We will present 
data testing our model in which STACs modulate SIRT1 activity on select 
substrates containing bulky hydrophobic groups, and also influence the 
SIRT1-DBC1 complex via a similar allosteric mechanism.  
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VISITOR INFORMATION 
 
EMERGENCY                CSHL                          BANBURY 
Fire (9) 742-3300 (9) 692-4747 
Ambulance (9) 742-3300 (9) 692-4747 
Poison (9) 542-2323 (9) 542-2323 
Police (9) 911 (9) 549-8800 
Safety-Security Extension 8870  
 
Emergency Room 
Huntington Hospital 
270 Park Avenue, Huntington 
631-351-2300 
(1037)  
Dentists 
Dr. William Berg 
Dr. Robert Zeman 
 
631-271-2310 
631-271-8090 
Doctor 
MediCenter 
234 W. Jericho Tpke., Huntington Station 
631-423-5400 
(1034) 
Drugs - 24 hours, 7 days 
Rite-Aid 
391 W. Main Street, Huntington 
631-549-9400 
(1039) 
Free Speed Dial 
Dial the four numbers (****) from any tan house phone to place a 
free call. 
GENERAL INFORMATION 
 
Books, Gifts, Snacks, Clothing, Newspapers 
 BOOKSTORE   367-8837 (hours posted on door) 
 Located in Grace Auditorium, lower level. 
 
Photocopiers, Journals, Periodicals, Books, Newspapers 
 Photocopying – Main Library 
 Hours:  8:00 a.m. – 9:00 p.m. Mon-Fri 
             10:00 a.m. – 6:00 p.m. Saturday 
Helpful tips - Obtain PIN from Meetings & Courses Office  
to enter Library after hours.  See Library staff for photocopier 
code. 
 
Computers, E-mail, Internet access 
 Grace Auditorium 
 Upper level: E-mail only 
 Lower level: Word processing and printing. 
 STMP server address: mail.optonline.net 
 To access your E-mail, you must know the name of your  
 home server.    
 
Dining, Bar 
 Blackford Hall 
  Breakfast  7:30–9:00, Lunch 11:30–1:30, Dinner  5:30–7:00 
  Bar  5:00 p.m. until late  
 Helpful tip - If there is a line at the upper dining area, try the  
 lower dining room 
 
 
 
Messages, Mail, Faxes 
 Message Board, Grace, lower level 
 
Swimming, Tennis, Jogging, Hiking 
June–Sept. Lifeguard on duty at the beach. 12:00 noon–6:00 p.m.  
Two tennis courts open daily. 
 
Russell Fitness Center 
 Dolan Hall, west wing, lower level 
 PIN#:  Press 64510 (then enter #) 
 
Concierge 
 On duty daily at Meetings & Courses Office. 
After hours – From tan house phones, dial x8870 for 
assistance 
  
Pay Phones, House Phones 
Grace, lower level; Cabin Complex; Blackford Hall; Dolan Hall, 
foyer  
 
CSHL’s Green Campus 
 
Cold Spring Harbor Laboratory is pledged to operate in an 
environmentally responsible fashion wherever possible.  In the past, 
we have removed underground oil tanks, remediated asbestos in 
historic buildings, and taken substantial measures to ensure the 
pristine quality of the waters of the harbor. Water used for irrigation 
comes from natural springs and wells on the property itself.  Lawns, 
trees, and planting beds are managed organically whenever possible.  
And trees are planted to replace those felled for construction 
projects.   
 
Two areas in which the Laboratory has focused recent efforts have 
been those of waste management and energy conservation.  The 
Laboratory currently recycles most waste.  Scrap metal, electronics, 
construction debris, batteries, fluorescent light bulbs, toner cartridges, 
and waste oil are all recycled.  For general waste, the Laboratory uses 
a “single stream waste management” system, removing recyclable 
materials and sending the remaining combustible trash to a 
cogeneration plant where it is burned to provide electricity, an 
approach considered among the most energy efficient, while providing 
a high yield of recyclable materials. 
 
Equal attention has been paid to energy conservation.  Most lighting 
fixtures have been replaced with high efficiency fluorescent fixtures, 
and thousands of incandescent bulbs throughout campus have been 
replaced with compact fluorescents.  The Laboratory has also 
embarked on a project that will replace all building management 
systems on campus, reducing heating and cooling costs by as much 
as twenty-five per cent. 
 
Cold Spring Harbor Laboratory continues to explore new ways in 
which we can reduce our environmental footprint, including 
encouraging our visitors and employees to use reusable containers, 
conserve energy, and suggest areas in which the Laboratory’s efforts 
can be improved. This book, for example, is printed on recycled 
paper. 
                       1-800 Access Numbers 
 
 AT&T  9-1-800-321-0288 
 MCI  9-1-800-674-7000 
 
Local Interest 
 Fish Hatchery   631-692-6768 
 Sagamore Hill   516-922-4447 
 Whaling Museum   631-367-3418 
 Heckscher Museum  631-351-3250 
 CSHL DNA Learning  x 5170 
   Center 
 
New York City 
 Helpful tip - 
 Take Syosset Taxi to Syosset Train Station 
 ($8.00 per person, 15 minute ride), then catch Long Island  
 Railroad to Penn Station (33rd Street & 7th Avenue).   
 Train ride about one hour. 
 
   TRANSPORTATION 
Limo, Taxi 
 Syosset Limousine  516-364-9681  (1031) 
 Super Shuttle  800-957-4533  (1033) 
  To head west of CSHL - Syosset train station 
  Syosset Taxi  516-921-2141  (1030) 
 To head east of CSHL - Huntington Village  
  Orange & White Taxi 631-271-3600  (1032) 
Executive Limo  631-696-8000  (1047) 
 
Trains 
 Long Island Rail Road   822-LIRR  
 Schedules available from the Meetings & Courses Office. 
 Amtrak   800-872-7245 
 MetroNorth   800-638-7646 
 New Jersey Transit  201-762-5100 
 
Ferries 
 Bridgeport / Port Jefferson 631-473-0286 (1036) 
 Orient Point/ New London 631-323-2525 (1038) 
 
Car Rentals 
 Avis   631-271-9300 
 Enterprise   631-424-8300 
 Hertz   631-427-6106 
  
Airlines 
 American   800-433-7300 
 America West  800-237-9292 
 British Airways  800-247-9297 
 Continental   800-525-0280 
 Delta   800-221-1212 
 Japan Airlines  800-525-3663 
 Jet Blue   800-538-2583 
 KLM   800-374-7747 
 Lufthansa   800-645-3880 
 Northwest   800-225-2525 
 United   800-241-6522 
 US Airways   800-428-4322 
